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1.1 Guiding principles of the dissertation 
From a bird’s-eye view, a decisive factor of today’s scholarly work is the permanent 
effort to conduct interdisciplinary research
1
. Given the fact that consumer behavior, particu-
larly within the food context, is such complex stresses the need of gaining knowledge while 
considering aspects of both neighboring and distant scientific disciplines. From a worm’s-eye 
view, within the marketing discipline, the effectiveness of marketing communication depends 
on the characteristics of a single product or service. Besides following an interdisciplinary 
approach, it is a great benefit considering a range of intradisciplinary areas. 
Seen from a practical perspective, FoodDrinkEurope, the umbrella organization of 
the European food industry, addresses health and sustainability as two of the main challeng-
es for today’s society (FoodDrinkEurope 2017). A study of PwC (2014) also identified health 
and sustainability as trends and key topics in the food sector in the upcoming years for both, 
consumers and companies. It will be of increasing importance to provide information to con-
sumers to make suitable choices for a balanced diet and healthy lifestyle, and to look into 
ways to recommend how to reduce household food waste as a part of sustainable behavior. 
Given the fact that when food is wasted at the end of the chain, all the resources invested in a 
product’s lifecycle are lost. These challenges need to be addressed by R&D activities result-
ing in food innovations. A third leading driver of food innovations in Europe is to give pleas-
ure to consumers, including the variety of human senses, underpinning the role of sensory 
aspects in new product development processes (FoodDrinkEurope 2016). 
Following the principles of inter- and intradisciplinary research, the dissertation at 
hand is situated at the intersection of various subtopics of marketing, namely sensory market-
ing, health marketing, and sustainability marketing. Moreover, it takes aspects of neighboring 
(e.g., psychology) and distant disciplines (e.g., food science) into account (Figure 1). In ac-
cordance with Krishna et al. (2017), in this dissertation sensory marketing refers to market-
ing that intends to shape a multi-sensory experience for the consumer affecting their percep-
tion, judgment, and behaviors, both at the time of purchase and consumption. Health market-
ing aims at developing, pricing, distributing, and promoting healthy products and services, 
and/or enhancing healthy behaviors of consumers (Mai et al. 2012). Established marketing 
tools and methods are applied and paired with approaches from health psychology (i.e., rea-
                                                 
1
 ‘Interdisciplinary research’ refers to the integration of knowledge and methods from different research domains  
and requires the collaboration of researchers from diverse backgrounds to solve problems whose solutions are 
beyond the scope of a single domain (Porter et al. 2006). As most studies have been conducted with co-authors 
from food science, psychology, or medicine, this dissertation might be considered as an interdisciplinary work. 
1 Introduction 
11 
sons of and attitudes towards healthy behavior) and health economics (i.e., government regu-
lations on the health market). The third subtopic, sustainability marketing, addresses the 
development of marketing strategies in the light of economic, ecological, and social challeng-
es (Belz and Schmidt-Riediger 2010). Sustainability marketing, as understood in this disserta-
tion, aims at analyzing consumer perceptions and behaviors in the context of food products 
helping to develop solutions for sustainable food choices and promote these solutions effec-
tively to selected target groups. More precisely, sustainable food choice refers to choosing 
suboptimal foods resulting in avoiding food waste at a consumer level. The last couple of 
years, food waste is considered to be one of the sustainability issues that need to be addressed 
(Aschemann-Witzel et al. 2015). 
 
 
Figure 1: Related topics of the dissertation project (source: own illustration) 
 
This dissertation is structured as follows: First, the dissertation takes a broader view 
by introducing the reader to the economic relevance of the food sector and the complexity of 
food marketing. Second, it focuses on the distinct subtopics and specific research questions 
providing the reader with the synopsis of the conceptual and empirical articles included in this 
cumulative dissertation. Third, the conclusion section will propose implications for manageri-
al practice and presents avenues for future scholarly research. 
 
1.2 Illustrating the food sector’s economic relevance 
From a German perspective, the food and drink industry continues to have great 
economic importance. With over 580,000 employees in 5,940 companies the German food 
and drink industry – mainly characterized by small and medium sized enterprises – is one of 
the biggest industries in Germany (BVE 2017b). In 2016, the German food and drink industry 
1 Introduction 
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generated a total turnover of 172 billion Euros, thereof 115 billion Euros on the domestic 
market and 57 billion Euros on foreign markets (BMWi 2017). Germany is the third largest 
exporting nation for foods and drinks on the global market with an export ratio of 33%. Ac-
cordingly, every third Euro in the food sector is earned abroad. Within the EU, particularly 
prominent markets are the Netherlands, France, and Italy. Outside the EU the most important 
markets are Switzerland, USA, Russia, and China (BMWi 2017). With a share of 9.4% of the 
total turnover in the manufacturing sector the German food and drink industry achieved the 
fourth place within the top-selling sectors following the automotive industry, engineering, and 
chemical industry (Statistisches Bundesamt 2016). Business cycles, seasonal fluctuations, 
volatile commodity prices, and impacts of political regulation or crises cause short-termed ups 
and downs of the business climate in the food and drink industry. However, in the long run 
the food industry represents a continuously stable and resistant economic sector (BVE 2017a). 
In sum, being one of the largest and innovative economic sectors, the food industry is a key 
driver for welfare, growth, and employment in Germany (IVV, WZW 2010). 
From the European perspective, a similar picture can be observed. The European 
food and drink industry is the largest manufacturing sector in terms of turnover, value added, 
and employment in the EU (FoodDrinkEurope 2016). In 2014, it generated a total turnover of 
1,089 billion Euros (15.6% of the turnover in the EU manufacturing industry), contributed 
1.8% to the EU-28 gross value added
2
, and employed 4.25 million people (15% of the em-
ployment in the EU manufacturing industry) in 289,000 companies (FoodDrinkEurope 2016). 
EU food and drink exports nearly doubled over the past decade to reach 98 billion Euros in 
2015 and a trade surplus of 25 billion Euros. More than one quarter of EU food and drink ex-
ports are sold to non-EU countries, such as USA, China, and Switzerland. 
On an international level, the food and drink industry faces massive economic, so-
cial, and environmental challenges. If the current trend of a growing world population contin-
ues, the demand of food for human consumption will increase by at least 60% until 2050 
(FoodDrinkEurope 2016). Simultaneously, natural resources upon which food production 
relies are becoming scarce, and food and energy production compete as corn and sugar are 
increasingly important for both (McKinsey 2015). In a nutshell, these facts underpin the im-
portance of the German, European, and global food and drink industry as a vital pillar of 
modern economy. 
 
                                                 
2
 In 2013, the value added resulted in 212 billion Euros. This equals 13% of the value added in the EU manufac-
turing industry. The gross value added is the value of goods and services produced by a sector minus the cost 
of the raw materials and other inputs used to produce them (FoodDrinkEurope 2016). 
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1.3 Making marketing in the realm of food tangible 
Due to the impressive economic importance of the food sector, the discipline of mar-
keting has become an integral part of the strategic and day-to-day business of food producers 
and retailers. Marketers are often torn between satisfying the needs of consumers, the de-
mands of shareholders, and the concerns of public health organizations (Chandon and 
Wansink 2012). Food marketing refers to the identification and creation of “[…] foods that 
deliver […] benefits [for the consumers]; to communicate these benefits; to profitably pack-
age, price, and distribute these foods, and to protect these innovations by branding the food so 
that it acquires unique and positive associations in the mind of consumers” (Chandon and 
Wansink 2012, p. 587). The subsequent list outlines some peculiarities and current challenges 
for the food sector and how food marketing can contribute to address these challenges: 
 Expenditures on foods and drinks vary from 8% to 30% across EU member states 
households (BVE 2017a). Compared to the other EU member states, in Germany, on-
ly 10% of total private consumption fell upon food and non-alcoholic beverages (EU 
average: 14%), whereby it should be noted that the average available income of 
German private households is comparatively high (BVE 2017a). Thus, companies of 
the food sector vigorously compete for and struggle to increase or redistribute con-
sumer spending. 
 Food is a consumer good that is purchased repeatedly, but consumers’ views and atti-
tudes can change quickly. In general, what the consumer wants is tasty, inexpensive, 
varied, convenient, and healthy food (probably in an individual order of property im-
portance) (Chandon and Wansink 2012). Understanding, influencing, and meeting 
these, partly conflicting, consumer demands as well as monitoring progress in these 
areas are key functions of food marketing and the development of competitive strate-
gies (Martinez 2007). 
 The change in consumption patterns due to the demographic development with an 
increasing share of elderlies, the digitization of society, and the increasing health and 
environmental awareness (BVE 2017a) require new or improved food products and 
services as well as customized communication contents and modern methods of 
communication. 
 Extensive purchase decisions are characterized by elaborated information acquisition 
and a high involvement of the consumers (e.g., purchasing a car). Contrairily, in ha-
bitual purchase decisions, like for food, involvement in the decision making is low, 
consumers have formed habits in choosing a product, and keep on buying it without 
1 Introduction 
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looking for alternative brands or stores (Hoffmann and Akbar 2016). A great amount 
of food marketing is needed to change consumers’ purchase habits. 
 Sensory perception in terms of haptics, olfaction, audition, taste, and vision plays a 
great role in the consumption of food (Krishna 2012). Moreover, food is purchased 
and consumed repeatedly and in short intervals leading to a strong memory effect 
that needs to be considered in food marketing activities (Collins and Stafford 2015). 
 As consumers are faced with a variety of foods to choose from, they often use only 
rules of thumb in their food decision making which allow satisfactory choices with 
minimum effort (Scheibehenne et al. 2007). Thus, food marketers need to develop ef-
fective marketing strategies to stand out from competitors. 
 Food is one of the most highly branded goods (due to mostly packaged products), 
which lends itself to an ideal advertising platform (Story and French 2004). 
Food marketers have created a myriad of ways to influence consumers’ food choices. 
Marketing communication – including advertisement, package design, labels, claims, and 
brands – is one type of marketing activity (Chandon and Wansink 2012). The high practical 
relevance of food marketing manifests itself in the following exemplary facts and figures 
from the food sector: 
 In 2015, the German food and drink industry spent a total of 2,405 million Euros on 
advertising, of which 84% was spent on television, 7% on internet and mobile, 6% 
on magazines and newspaper, and 3% on radio (AGOF e.V. 2016). 
 Although television advertising is still the most popular communication channel, its 
importance is declining. The amount of online buyers of food and beverages in-
creased from 1.95 million in 2013 to 3.34 million (rise of 71.3%) in 2016 (IfD 
Allensbach 2016).  
 Food retailing is the most important distribution channel for the food and drink in-
dustry – followed by the food service sector and exports (BVE 2017a). Contrarily to 
food producers, printed advertising accounts for about 56% of the total gross adver-
tising expenses, online advertising for about 12%, and in-store promotions for about 
10% (EHI 2015). 
 Spending for chocolate and sweets reach a share of almost 40% of the total advertis-
ing budget, ranking third within television advertising (Hamburger Abendblatt 2012; 
Heffler and Möbus 2014) – by that token the food industry is often accused of pro-
moting obesity (Chandon and Wansink 2012; Seiders and Petty 2004). 
2 Dissertation project 
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 Due to the high number of failed product launches in the food retail sector of about 
52% (sweets) to 66% (dairy), food marketers from both food industry and retail are 
continually challenged to attract consumers’ attention and to foster purchases (GfK 
2015). 
To draw an intermediate conclusion, research on consumption decisions in the food 
sector is motivated by a growing economic relevance of the food sector including food mar-
keting activities (→ chapters 1.2 and 1.3), an ongoing societal responsibility and the continua-
tion of scientific preliminary works considering current topics, for instance with regard to 
health and sustainability issues (→ chapter 1.1). 
 
2 Dissertation project 
2.1 Objectives 
As previous research about consumption decisions in the food sector is diverse and 
fragmented (Grunert et al. 2016; Jacobsen et al. 2014), the objectives of this cumulative dis-
sertation are threefold. First, it highlights consumption decisions in the food sector as an in-
terdisciplinary field by portraying prior research activities in terms of relevant predictors of 
food choice, scientific domains, and the amount of research over time (→ chapter 3.1). Se-
cond, the dissertation elaborates on various subtopics of food marketing by summarizing 
prior research activities on extrinsic and intrinsic food product attributes in consumer and sen-
sory science (→ chapter 3.2), by putting emphasis on product packaging as an extrinsic prod-
uct attribute considering different person- and product-related boundary conditions 
(→ chapter 3.3), by investigating food product’s visual appearance and the impact of commu-
nication messages (→ chapter 3.4), and by highlighting the impact of food product’s visual 
appearance on overall sensory experience (→ chapter 3.5). Thus, the articles of this disserta-
tion generate new knowledge at the intersection of sensory marketing, health marketing, and 
sustainability marketing. By integrating these three research streams, new avenues for future 
research open up (→ chapter 4.2) and new directives for managerial practice in the food sec-
tor are gained (→ chapter 4.3). As a consequence, by impacting both, practice and research, 
this dissertation aims at achieving the third, most superordinate goal to advance the societal 
and managerial understanding of consumers as decision makers within the food context 
so that future food marketing activities can be designed to benefit both, consumers and food 
industry management. 
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2.2 Overview of included articles 
As a cumulative dissertation, contributions of this work have been disseminated in 
academia via peer-reviewed journals and academic conferences. In total, five articles are in-
cluded within this cumulative dissertation. The articles were generated during two interna-
tional projects for whose realization the doctoral candidate was responsible. In the project 
„DEDIPAC – Determinants of Diet and Physical Activity” (BMBF, term: 2014-2017), the 
doctoral candidate analyzed factors of food that influence the purchase behavior of consum-
ers. In the second project “COSUS – Consumers in a Sustainable Food Supply Chain” 
(BMEL, term: 2014-2017) the doctoral candidate investigated the acceptance and purchase 
intention of visually suboptimal food items. 
Table 1 provides an overview of the articles that are part of this dissertation (shaded 
in grey) with associated presentations at academic conferences and further publications that 
used data of the original works. The complete citations of the articles that are part of this dis-
sertation are included in the references. Two articles, C.1 and C.2, are conceptual works, 
whereas the remaining ones, E.1, E.2, and E.3 are empirical in nature. Bearing the guiding 
principles (→ chapter 1.1) and the objectives of this dissertation (→ chapter 2.1) in mind, 
article C.1 is interdisciplinary-oriented, whereas the other four articles consider aspects of 
sensory marketing (C.2), health and sensory marketing (E.1), as well as sustainability and 
sensory marketing (E.2, E.3). Additionally, the doctoral candidate published three further re-
search papers related to the topics of consumer behavior
3




                                                 
3
 Symmank, C., Hoffmann, S. (2016). Leugnung und Ablehnung von Verantwortung. In L. Heidbrink, C. Lang-
behn, J. Sombetzki (Hrsg.), Handbuch Verantwortung. Wiesbaden: Springer Fachmedien. 
4
 Böhme, B., Symmank, C., Rohm, H. (2016). Physical and sensory properties of chocolate made with lecithin of 
different origin. European Journal of Lipid Science and Technology, 118 (12), 1839-1845. 
(Impact Factor 1.953). 
Raak, N., Symmank, C., Zahn, S., Aschemann-Witzel, J., Rohm, H. (2016). Processing- and product-related 
causes for food waste and implications for the food supply chain. Waste Management, 61, 461-472. 
(Impact Factor 3.829). 
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Table 1: Overview of publications 










Theoretical / conceptual     
C.1 
Predictors of food decision making: 
A systematic interdisciplinary mapping 
(SIM) review (Symmank et al. 2017) 






The influence of extrinsic product 
attributes on consumers’ food deci-
sions: Review and network analysis 
of the marketing and business litera-
ture (Symmank et al. 2017) 
Research paper submitted to 





Einflussfaktoren auf die Lebensmittel-
auswahl: Ergebnisse des europäischen 
Forschungsprojektes FODEM 
(Symmank et al. 2017) 






Psychological determinants of food 
decision making: A systematic litera-
ture review (Symmank et al. 2017) 
Conference presentation at the 
Annual Conference of the Association 
for Researchers in Psychology and 
Health (ARPH), 





Food decision making: A systematic 
interdisciplinary mapping review 
(Symmank et al. 2016) 
Conference presentation at the 
Annual Meeting of the International 
Society of Behavioral Nutrition and 
Physical Activity (ISBNPA), 





Product characteristics and consum-
er’s food decision making: A net-
work analysis of the marketing and 
business literature  
(Symmank et al. 2016) 
Conference presentation at the 
European Marketing Academy 






Extrinsic and intrinsic food product 
attributes in consumer and sensory 
research: Literature review and 
quantification of the findings 
(Symmank 2017) 
Research paper submitted to 




Empirical     
E.1 
Light and pale colors in food packag-
ing: When does this package cue sig-
nal superior healthiness or inferior tast-
iness? (Mai, Symmank, Seeberg-
Elverfeldt 2016) 
Research paper published in 





Ambivalente Einflüsse der Verpa-
ckungsfarbe auf das Konsumentenur-
teil: Helle Verpackungen als Fluch 
oder Segen? (Symmank et al. 2017) 





Note: Publications shaded in grey are part of this compilation (for complete citation → references). 
C = conceptual work; E = empirical work; F = further publication using data of the original work; P = associated 
presentation of the research paper at a conference; “-“ = not available 
(a) Hennig-Thurau and Sattler (2015); (b) Impact Factor (Journal Citation Report 2017).  
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Table 1: Overview of publications (continued) 










Empirical     
E.2 
Have an eye on the buckled cucum-
ber: An eye tracking study on visual-
ly suboptimal foods 
(Helmert, Symmank et al. 2017) 
Research paper published in 





Angeschaut und eingekauft? Wie Pro-
duktlabels die Aufmerksamkeit auf 
visuell suboptimale Lebensmittel len-
ken (Symmank et al. 2016) 
Conference presentation at the 
GDL-Kongress Lebensmittel-





Visual attention on suboptimal food: 
An eye tracking study 
(Helmert, Symmank, Rohm 2016) 
Conference presentation at the 
European Conference on Sensory and 






Visually suboptimal bananas: 
How ripeness affects consumer expec-
tation and perception  
(Symmank et al. 2018) 






Konsumentenakzeptanz von optisch 
suboptimalen Lebensmitteln 
(Symmank, Rohm 2017) 






Consumer expectation and perception 
of suboptimal foods: The case of ba-
nanas (Symmank et al. 2016) 
Conference presentation at the 
Nordic Conference on Consumer 




Note: Publications shaded in grey are part of this compilation (for complete citation → references). 
C = conceptual work; E = empirical work; F = further publication using data of the original work; P = associated 
presentation of the research paper at a conference; “-“ = not available 
(a) Hennig-Thurau and Sattler (2015); (b) Impact Factor (Journal Citation Report 2017). 
 
2.3 Notes on co-authors 
The doctoral candidate is the lead author of three of the five articles included within 
this cumulative dissertation. The order of the authors represents the share of the participation 
in the conception of the study, the generation, analysis and interpretation of the data, and the 
preparation of the manuscript (Deutsche Forschungsgemeinschaft 2013). An exception is 
Harald Rohm, who is the last author of three articles, which is a usual procedure in engineer-
ing sciences. With regard to articles C.1 and E.3, the conception of the study, and the genera-
tion and analysis of the data were carried out by the doctoral candidate. The interpretation of 
the data as well as the preparation of the manuscript was supported by the co-authors. For 
article C.2, all steps of the publication process were exclusively conducted by the doctoral 
candidate. With regard to article E.1, the doctoral candidate supported all steps of the publica-
tion process with a focus on the conception of the studies, and the generation and interpreta-
tion of the data. For article E.2, the doctoral candidate was mainly responsible for the concep-
tion of the study, the interpretation of the data, and the preparation of the manuscript. 
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3 Synopsis of conceptual and empirical articles 
The synopsis briefly summarizes theoretical background and objective, materials 
used (where required), methodological approach, and results of each article included in this 
dissertation. At the end of this chapter, a summary table comprises all article characteristics 
(→ Table 2). 
 
3.1 Article C.1 – Predictors of food decision making: A systematic inter-
disciplinary mapping (SIM) review 
 
Theoretical background and objectives 
Being the first work in this dissertation, the aim of this article is to initially approach 
the topic of consumer food decision making from different views in order to obtain a compre-
hensive picture of its theoretical and scientific relevance. Different scientific disciplines have 
investigated a vast amount of factors influencing food decision making, leading to a large 
number of publications that has been steadily increasing over the last three decades. Each dis-
cipline (e.g., marketing, food science) explores the topic of food decision making from its 
own perspective focusing on different outcomes (e.g., purchase intention, food liking) and 
factors (e.g., price, ingredients). The range of individual, social, and environmental factors 
influencing the outcomes is impressive and has resulted in various, mostly discipline-oriented 
frameworks and models (Booth et al. 2001; Furst et al. 1996; Hummel and Hoffmann 2016). 
These frameworks and models contribute to an in-depth understanding of certain types of fac-
tors, whereas aspects from other disciplines are comparably neglected. Furthermore, these 
frameworks and models are static in nature and do not allow to pursue the ongoing develop-
ments in research. 
The first objective of this article is therefore to provide an interdisciplinary overview 
to explore the state-of-the-art, and to identify hot topics and research gaps in the field of con-
sumer food decision making. Second, the identified literature is categorized in an integrative, 
dynamic framework that provides greater capacity for integrating the multitude of studies than 
frameworks emerging from one single discipline. 
 
Methodological approach 
An extensive systematic interdisciplinary literature search in ten electronic databases 
(e.g., Business Source Complete, Web of Science) was conducted using a predefined keyword 
combination. The approach used for the literature review builds on the rapid review method as 
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specific form of the literature review from medicine and healthcare, and mapping techniques 
from information technology research. As this is an innovative variant of literature reviews 
this approach is denoted as systematic interdisciplinary mapping (SIM) review. After apply-
ing inclusion and exclusion criteria and excluding duplicates, the factors of food decision 
making analyzed in the relevant studies were categorized in line with the recently proposed 
DONE (Determinants Of Nutrition and Eating behavior) framework (Stok et al. 2017). This 
framework structures the influencing factors of nutrition and eating behavior across age 
groups and across research disciplines along four main levels: individual, interpersonal, envi-
ronment, and policy. Within each of these main levels, factors are grouped into eleven distinct 
stem-categories and more specific leaf-categories. 
 
Results 
The distribution of the 1,820 publications from 485 different journals published from 
1954 to 2014 indicates that research interest on food decision making was low for almost four 
decades. Starting with 1990, a steady increase in publication number is noticeable, with cur-
rently almost 200 publications per year. Most research is conducted in nutritional (289 publi-
cations) and medicine/health science (232 publications), followed by behavioral science and 
food technology. Although there are some linkages across neighboring disciplines (e.g., be-
havioral and nutritional science), only few publications address multiple research disciplines. 
Based on the categorization of studies according to the DONE framework, this article 
analyzes a dataset with 2,996 entries (a multiple coding of one publications was possible). 
The majority of studies investigate biological and psychological factors influencing consum-
ers’ food decision making. Studies on policy-related and environmental influences are scarce. 
Most of the disciplines investigate factors from an individual perspective, while economics 
focus on environmental factors (e.g., extrinsic product attributes). 
This article enables to gain a well-founded overview of existing scientific knowledge 
on the phenomena of decision making in the food context. Understanding of the amount and 
content of previous research on food decision making represents an adequate starting point for 
further investigations in cross- and interdisciplinary research. Moreover, this article calls to 
strengthen the interactions between disciplines. 
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3.2 Article C.2 – Extrinsic and intrinsic food product attributes in con-
sumer and sensory research: Literature review and quantification of 
the findings 
 
Theoretical background and objectives 
Just as article C.1, this article C.2 is of conceptual nature. However, article C.2 pro-
vides a holistic picture and allows a deep insight into the interdisciplinary research of origi-
nally two different scientific domains – consumer and sensory science. Consumer science has 
been considered mainly from a business perspective, particularly the marketing discipline, and 
deals with food decision making. Sensory science has been mainly driven by food science and 
focuses on food consumption (Grunert 2015). Thus, studies in consumer food research have 
only rarely included tastings in their study designs. They have rather focused on the pre-
purchase phase, in which consumers make food choices that might be explained by the effect 
of promotions or previous experiences. In contrast, studies in sensory science represent the 
post-purchase phase, in which the sensory impression of the food is pronounced (Grunert 
2015). Having this in mind, it is evident that consumer behavior is studied by different meth-
ods that are commonly used in each discipline. Moreover, while consumer science investi-
gates primary extrinsic product attributes (e.g., price, brand, packaging), sensory science pays 
special attention on intrinsic cues (e.g., appearance, smell, taste). 
Although previous research has recognized the need for a joint research of both sci-
entific streams, the amount and content of isolated and joint research, respectively, is un-
known. Consequently, article C.2 aims to systematically summarize the existing knowledge 
about extrinsic and intrinsic product attributes in food decision making research, to reveal 
methods that have been used in consumer and sensory science, and to bring together this 




The article pursues a three-staged methodological approach. As an initial step within 
the systematic literature review, predefined keywords were entered in an interdisciplinary 
electronic database. A rigorous review process including title-, abstract-, and full-text assess-
ment, as well as content-specific and formal inclusion and exclusion criteria produced a sam-
ple of 128 studies. These articles were used for a subsequent extensive forward and backward 
search. The final sample consists of 602 studies that were coded regarding research methods, 
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intrinsic and/or extrinsic product attributes, consumer response measurement, study location, 
study origin, and food type. This third step serves for a quantitative content analysis. 
 
Results 
While product attributes like taste, label, and price are well researched, food appear-
ance, smell, sound, texture, and packaging suffer from a lack of research. This article also 
demonstrates that there is an imbalance in the use of research methods, and that a method-mix 
is rarely or never applied. Most of the identified studies have been conducted as central loca-
tion tests (e.g., in a sensory laboratory or market research institute) in Europe and North 
America. Responses of the consumers are mainly conceptualized in terms of food liking, food 
choice, purchase intention, and willingness-to-pay. Foods that received high research attention 
are beverages, dairy, and menus. 
Article C.2 establishes an agenda for further research to support that consumer food 
decision making advances in the future through broader, at least cross-disciplinary research. 
On the basis of these research gaps, the empirical articles in this dissertation contribute to 
identify multiple new avenues concerning product attributes (e.g., food appearance: → arti-
cles E.2, E.3; texture: → article E.3; packaging: → articles E.1, E.2) and research methods 
(e.g., implicit association test: → article E.1; eye tracking: → article E.2; paired comparison 
test: → article E.3). 
 
3.3 Article E.1 – Light and pale colors in food packaging: When does 
this package cue signal superior healthiness or inferior tastiness? 
 
Theoretical background and objectives 
As article C.1 shows extrinsic product attributes being of high relevance in econom-
ics, and article C.2 reveals that food packaging is underrepresented in current research, this 
article investigates the role of light-colored (or pale) packaging in consumers’ product percep-
tion and purchase decision. While conventional wisdom suggests that products with a pale 
packaging is perceived “lighter” and thus healthier, it is expected to be a double-edged sword 
inducing two effects that work in opposite directions: On the one hand, it stimulates health 
perception associations; on the other hand, it raises doubts about product tastiness. This might 
be attributed to the assumption that an intense impression of one aspect (e.g., dark and rich 
colors) leads to an intense impression of another aspect (e.g., tastiness, quality, ripeness) 
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based on deeply rooted, color-related associations that emerge unconsciously (Becker et al. 
2011; Karnal et al. 2016). 
Besides the objective to investigate the opposite effect of light-colored package 
(Studies 1a, 1b), this article aims at contributing to a better understanding of when this pack-
age cue is an asset or a liability by elucidating the boundary conditions under which the op-
posing effects operate (Study 2). Therefore, this article shed light onto the moderating effect 
of the availability of oral sensory information and the effect of consumers’ health conscious-
ness. Furthermore, this article tests the effect of the packaging color for more or less healthy 
products (inter-product comparison, Studies 3a, 3b) and manipulates the healthiness dimen-
sion for the same product (intra-product comparison, Study 4). As article C.2 stresses the ne-
cessity of combining consumer and sensory research, three out of six studies in this article 
include a tasting of the product samples and thus covers the sensory aspect within the primari-
ly consumer research approach. 
 
Materials and methodological approach 
To test the theoretical framework a wide range of methods was used. In a first pre-
liminary study, an implicit association test (IAT) as a computer-based reaction-time meas-
urement (Study 1a) explored whether consumers intuitively perceive light-colored packaging 
as a subtle health cue and a signal of tastiness decrease. It measured the strength of associa-
tions between a category and an attribute by using the time it takes to make the pairings. 46 
participants completed two IATs, one of which measured health associations and a second 
one that measured tastiness associations. 
In a second preliminary study, a choice experiment (Study 1b) assessed how two 
packages with different color intensity affect decision in a real consumption context. 84 par-
ticipants were randomly assigned to one of the two framing conditions (health vs. indul-
gence). After the respective mindset was induced, actual choices between two cereal bars 
were observed. 
Having demonstrated the role of food packaging as a subtle health cue, four addi-
tional experiments were conducted. In Study 2, herb cream cheese whose packaging color 
varied in two levels (light green and regular green) was selected as the focal product building 
on exploratory interviews. Overall, 179 individuals participated in the mixed-design experi-
ment involving a 2 between-subjects (color intensity) by 2 within-subjects (accessibility of 
sensory information) design. In a first round (in-store situation), the participants were allocat-
ed to only one packaging condition (light vs. regular) and each of the two sub-samples had to 
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evaluate product tastiness and healthiness, health consciousness, and purchase intention, 
without tasting the product. In a second round (post-purchase consumption situation), partici-
pants had to taste the product (the same for both sub-samples) and judged again tastiness and 
healthiness, health consciousness, and purchase intention. 
Study 3a followed the same procedure as Study 2. 206 individuals (allocated to two 
sub-samples) evaluated potato chips (snack product that is typically consumed for indulgence) 
before and after tasting. The 125 participants of Study 3b were allocated to four sub-samples 
as the accessibility of sensory information was a between-subject factor in this study. Fruit 
bars were used as product sample (snack product that is typically positioned as healthy). 
Study 4 put particular emphasis on the in-store situation. The study applied a 3 (color intensi-
ty: light, regular, dark) by 2 (type of color: associated with healthy vs. neutral) by 2 (type of 
product: associated with healthy vs. conventional) between-subjects design. The study used 
orange juice as product sample and included 240 participants. 
 
Results 
The results of Study 1a clearly show that participants have fewer difficulties to pair 
light-colored product packaging with healthy attributes. Response times were faster for com-
patible pairing. Thus, the IAT confirms the heuristic associations of light colors as a health 
cue in food packages. Study 1b demonstrates that light-colored packages affect actual product 
choice. Participants prefer the light-colored package when the health goal was activated, 
whereas they choose the regular packaging when they are searching for a tasty product. 
Study 2 reveals that the effect of package color depends on whether consumers are 
looking at the product (in-store situation) or actually taste the product (post-purchase con-
sumption situation, e.g., at home). Unfavorable color-induced tastiness inferences are more 
powerful for consumer’s decision making when visual perception is available only. To infer 
product tastiness (which is the most important criterion for most consumers) consumers have 
to rely on heuristic package cues. However, when consumers are able to actually taste the 
product, such inferences are not necessary because oral sensory information is available. 
Healthiness, on the other hand, is very difficult to detect for consumers, even when tasting a 
product. For this reason, package color-induced health inferences occur even after tasting. 
Study 2 also shows that the consumer’s judgment goal is a second crucial aspect that needs to 
be considered when determining optimal package color. The positive health effect of light-
colored packages occurs primarily for health-concerned consumers. Negative tastiness associ-
3 Synopsis of conceptual and empirical articles 
25 
ations are more likely activated by less health-conscious consumers. In both conditions, when 
sensory information is missing or not, only tastiness evaluations guide purchase intention. 
For a product that is typically consumed for pleasure and indulgence (Study 3a), the 
analysis shows a negative tastiness effect of the light-colored packaging when sensory infor-
mation is missing. This could be particularly observed for the less-health-conscious consum-
ers. When sensory information is available through tasting, the negative color-induced tasti-
ness effect disappears because tastiness is no longer a missing attribute. Confirming the re-
sults of Study 2, tastiness inferences have much greater impact on purchase intention than 
health inferences. Is a product typically consumed as a healthy snack (Study 3b), light-colored 
packages are perceived healthier than regular packages when sensory information is absent. 
After tasting, the product in the light-colored packaging is perceived tastier. However, only 
the tastiness impression guides purchase intention. 
By distinguishing more than two levels of color lightness, Study 4 shows that pure 
squeezed orange juice with a light-green packaging is perceived most healthy, whereby a 
dark-blue juice package from concentrate is perceived as most tasty. This finding demon-
strates that the judgments about tastiness and health additionally depend on the perceived 
product healthiness for the same product. For both, the green and the blue labels, purchase 
intention was higher for the dark packages compared to the light or regular packages. 
This research provides evidence that light-colored packaging has different meanings 
to different consumers in different food retail environments. Consumers do not only rely on 
light-colored packages as a health cue, but this visual cue might simultaneously activate less 
favorable tastiness inferences. 
 
3.4 Article E.2 – Have an eye on the buckled cucumber: An eye tracking 
study on visually suboptimal foods 
 
Theoretical background and objective 
Food and the resources exploited for its production, transportation, and disposal 
across the food supply chain get lost when the food is not used for the purpose of consump-
tion. This has a dramatic negative environmental, economic, and social influence on the sus-
tainability within the food sector (Aschemann-Witzel et al. 2015). Particularly, current west-
ern consumption patterns are associated with the consumers’ unwillingness to purchase and 
consume so-called suboptimal or imperfect looking food. Such food deviates from regular 
products in terms of appearance, date labeling, or packaging, without deviation on the intrin-
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sic quality or safety (de Hooge et al. 2017). Fostering the purchase of imperfect food is one 
important step on the way to reduce the amount of food waste and its ecological impact 
caused by consumers. If those visually suboptimal food options have passed the food supply 
chain and reach the supermarket shelves, consumers decide about purchase or non-purchase. 
As the first sensory contact to food usually is the visual one, either in terms of the 
product packaging or the product itself, attracting the consumers’ attention is a central task in 
marketing. As empirical marketing research on consumer preferences for suboptimal food is 
scarce, the objective of this article is to investigate eye movement behavior when inspecting 
suboptimal foods with and without specific messages among impeccable ones in a purchase 
and discard decision task. 
 
Materials and methodological approach 
Eye tracking is a promising tool to gather information of what attracts consumers’ at-
tention. Thus, this article adopts the eye tracking technique to assess attention towards subop-
timal food items. 30 participants inspected grids with eight foods while their eye movements 
were recorded. Three different kinds of grids (each including eight products) were deployed; 
baseline grids containing impeccable products, suboptimal grids with one visually suboptimal 
item among seven impeccable ones, and sublabel grids containing a suboptimal product with 
an additional message on a specifically designed price badge. The messages were about taste 
or price and were presented in red or green, resulting in four combinations. Eight food items 
of different product categories (e.g., fruit and vegetables, dairy) were presented in an impec-
cable state, the same items were photographed as suboptimal version, and these suboptimal 
items were additionally presented with one of the four messages (8 + 8 + 8*4). These 48 rele-
vant items were accompanied by 32 filler items (impeccable products) to fill up the grids. 
The participants were informed that – after inspecting each of 136 grids – they had to 
answer one of two possible questions: “Which product would you remove from your shopping 
cart?” (discard condition) or “Which product would you keep in your shopping cart?” (pur-
chase condition). After the participants signaled by pressing a button that they are ready, the 
grid was removed, and one of the questions was randomly presented. A trial was finished 
when one grid position was selected as response. 
Dependent variables were time to first fixation (i.e., the amount of time that an indi-
vidual takes to look at a specific product), total fixation duration (i.e., the period where the 
eyes are locked towards a product), attention distribution (i.e., the percentage of fixations fall-
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ing within the price region per grid), item coverage (i.e., number of food items fixated within 
one trial), and food choice (i.e., the percentage of relevant items chosen per condition). 
 
Results 
The results of this article show that price badge design has an influence on eye 
movements. Compared to the foods presented in the baseline condition, suboptimal foods 
have a lower time to first fixation and longer total fixation duration. In the sublabel condition, 
the effects are even more pronounced. Within the sublabel condition, longer total fixation 
duration can be observed for red messages, regardless of the content of the message (price vs. 
taste). Both attention distribution and item coverage are higher in trials that contain food items 
with a taste message. The analysis of the choice behavior shows that when confronted with 
the discard question the percentage of chosen relevant items remain stable between the condi-
tions. Within the sublabel condition, products with red color and price message are most often 
chosen, followed by green/taste combination. For the purchase question, choice rate of rele-
vant items decreases from the baseline to the suboptimal condition. However, the same items 
are chosen more often in the sublabel condition. Within the sublabel condition, a significant 
influence of information can be observed with reduced prices showing a higher purchase deci-
sion rate compared to the taste information. 
Consumers play a crucial role in the reduction of food waste via their in-store choic-
es and their consumption decisions in the household. The results of this article emphasize the 
importance of highlighting suboptimal foods to attract consumers’ attention – in terms of col-
or or the content of the highlighted message. 
 
3.5 Article E.3 – Visually suboptimal bananas: How ripeness affects 
consumer expectation and perception 
 
Theoretical background and objective 
The study in this article was conducted focusing on the same background as article 
E.2 pursuing a similar objective. Along with the emerging societal significance of sustainabil-
ity, the acceptance of suboptimal food has come to the forefront. One reason for the signifi-
cant amount of food wasted at the consumption stage is that consumers often expect products 
past the best-before date or visually suboptimal food to be less tasty, even though they are still 
palatable. Consumer decision making to buy and consume suboptimal foods strongly depends 
on sensory expectation and perception. As consumers attach different meanings to different 
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colors (as shown in article E.1 for product packaging), the natural variation of product color 
may also directly communicate product properties to the consumer (e.g., ripeness degree, 
sour-sweet ratio). By integrating sensory experiences into consumer research, this article 
again supports an interdisciplinary research approach that is proposed in article C.2. From 
prior research, it is unknown how sensory cues of suboptimal food might influence consum-
ers’ food evaluation, especially when consumers can taste these foods. Therefore, the objec-
tive of this article is to understand how appearance affects consumer expectation and percep-
tion of visually suboptimal versus impeccable bananas. 
 
Materials and methodological approach 
The ripening of the bananas is associated with a visual, but also with a physical and 
chemical alteration of banana properties. Therefore, the Cavendish bananas were stored at 
predefined conditions and analytical parameters (firmness, sugar content, and color) were 
measured to analyze the ripening status. This procedure ensured that the participants in the 
main study received comparable bananas. Bananas are commonly categorized in seven ripe-
ness degrees, whereby ripeness degree 5 refers to a yellowish-green banana (control condi-
tion) and ripeness degree 7 to a yellow banana with brown spots (more ripened, “visually 
suboptimal”). 
As a preliminary study, a forced choice test (paired comparison test) between bana-
nas of ripeness degree 5 and 7 with 35 semi-trained participants was conducted to identify 
sensory properties for the main study that are significantly different between bananas of these 
ripeness degrees. In the main study, 233 participants were randomly allocated to four experi-
mental groups. Participants of group 1 and 2 received one peeled banana of either ripeness 
degree 5 or 7 to rate – after tasting – perception only. Participants of group 3 and 4 received 
one unpeeled banana of either ripeness degree 5 or 7 to rate expectation, and – after peeling 
and tasting – perception. More precisely, each participant had to evaluate overall liking of the 
banana, the satisfaction with the intensity of sensory attributes (using five-point just-about-
right scales from sensory research), purchase intention, and the intended use of the bananas. 
 
Results 
Before tasting, overall liking and purchase intention are significantly lower for the 
unpeeled banana of ripeness degree 7 (group 4) compared to ripeness degree 5 (group 3). Af-
ter tasting (groups 1 to 4), no difference in overall liking can be observed, whereas purchase 
intention was still significantly lower for bananas of ripeness degree 7 (group 4). This indi-
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cates that sensory perception positively influences consumers’ liking. However, despite tast-
ing purchase intention rating is not positively influenced due to the initially negative visual 
impression of the suboptimal banana. Interestingly, males, compared to females, expressed a 
higher overall liking and purchase intention of the unpeeled banana with ripeness degree 7 
before and after tasting. 
Concerning the sensory attributes, a penalty analysis reveals that only the firmness of 
the bananas of ripeness degree 7 is not just-about-right after tasting. Significant differences 
between ripeness degree 5 and ripeness degree 7 can be observed when asking participants for 
their intended use of the bananas. Furthermore, the importance of the shelf-life of food has a 
pronounced impact on purchase intention of bananas with a different ripeness degree. Lastly, 
this article approaches to some communication messages that may inspire effort to test the 
messages in further field experiments. 
In the case of suboptimal bananas, the results demonstrate a negative relationship be-
tween the suboptimal appearance of bananas in terms of ripeness with overall liking and pur-
chase intention. Building on these insights, this article argues that sensory experience is one 
important factor that helps to foster consumers’ acceptance of suboptimal foods. Moreover, 
this article highlights different implications for the supermarket setting and the home situa-
tion.  
 
3.6 Overview of article characteristics 
Table 2 summarizes the addressed research gaps, the research and methodological 
approach, the number of partial studies, sample sizes, key findings as well as the current sta-
tus and form of the articles included in this dissertation. 
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Table 2: Overview of article characteristics 
Article C.1 C.2 E.1 E.2 E.3 
Topic  Food decision making 
Product attributes in consumer 
and sensory science 
Food packaging colors to 
signal health and / or taste 
Attention attraction on 
suboptimal foods 
Sensory expectation and per-
ception of suboptimal food 
Research gap  
Understanding of the amount 
and content of previous re-
search on food decision making 
Summary of insights on inter-
disciplinary research in con-
sumer and sensory science 
Investigation of opposing 
effects of color as a 
package cue 
Investigation of eye move-
ment behavior on impeccable 
vs. visually suboptimal food 
Investigation of visual inspec-
tion vs. tasting on the evalua-
tion of impeccable vs. visual-
ly suboptimal food 
Research 
approach 
 Theoretical / conceptual Theoretical / conceptual Empirical Empirical Empirical 
Method  
Systematic interdisciplinary 
mapping (SIM) review 
Systematic literature review, 
content analysis 
Survey, experiment, 




quantitative data analysis 
Number of 
partial studies 
 - - 6 1 2 
Sample size(a)  n = 1,820 n = 602 
n = 46 
n = 84 
n = 179 
n = 206 
n = 125 
n = 240 
n = 30 with 136 trials per 
participant 
= 4,080 
n = 35 
n = 233 
Key findings  
- First application of the DONE 
framework 
- Research focus on biological, 
psychological, and product-
related predictors 
- Policy-related predictors under-
researched 
- Imbalance of research methods 
- Imbalance of investigated ex-
trinsic and intrinsic product at-
tributes 
- Identification of research gaps 
- Opposing effects of pack-
aging color occur 
- Identification of key 
boundary conditions influ-
encing the opposing effects 
- Different-designed price 
badges help to attract atten-
tion towards suboptimal food 
- Different-designed price 
badges increase purchase in-
tention of suboptimal foods 
- Expectation and perception 
differ depending on the state 
of the food 
- Positive influence of the sen-
sory perception of suboptimal 
food on liking, but not on 
purchase intention 
Publication 
Status Published Under review Published Published Published 
Form Original article Original article Original article Original article Original article 
Note: (a) Sample size refers either to the number of analyzed publications in the conceptual studies C.1 and C.2 or to the number of participants in the empirical studies E.1, E.2, E.3. In any case, 




4.1 Summary of research findings 
The present cumulative dissertation investigates the topic of consumption decisions 
in the food sector by means of conceptual and empirical studies. The aim of this dissertation 
was presented threefold (→ chapter 2.1). 
The first objective was to summarize the existing body of prior research activities 
with close consideration of relevant predictors of food choice, scientific domains, and the 
amount of research over time. With respect to this objective, article C.1 – at least during the 
process of this dissertation – is the first one that systematically reviews quantitative studies in 
the field of food decision making across disciplines. Although this field is tackled from dif-
ferent angles in single disciplines, the results of the article stresses that research lacks of 
interdisciplinarity. Article C.2 extensively addresses the need for interdisciplinary research 
from a conceptual point of view. It provides an overview of methods used to investigate ex-
trinsic and intrinsic product attributes in consumer and sensory research. The second objective 
was to generate new knowledge at the intersection of sensory marketing, health marketing, 
and sustainability marketing. From the perspective of the doctoral candidate, the articles in-
cluded in this dissertation successfully meet this demand. Considering the empirical studies, 
article E.1 for example, portrays how consumers react to light-colored packaging of different 
products at different parts of the purchase process. As a second major contribution, the article 
suggests a theoretical underpinning of the boundary conditions under which this health cue 
operates (e.g., availability of sensory information). With a total of six studies, article E.1 pro-
vides insights into consumer behavior at the frontier of health and sensory marketing. Against 
the background of food waste reduction, articles E.2 and E.3 para-digmatically demonstrate 
the importance of a food product’s visual appearance in attracting attention, and influencing 
choice behavior and sensory experience. These articles are therefore prime examples of how 
to integrate perspectives of sustainability and sensory marketing. The superordinate goal of 
this dissertation was the advancement of the societal and managerial understanding of con-
sumers as decision makers within the food context. All articles within this dissertation focus 
on the consumer perspective. Besides gaining an improved understanding of what determines 
the consumer’s decision making behavior (article C.1), a further contribution of this disserta-
tion lies within the quantification of previous research efforts in analyzing extrinsic and in-
trinsic product attributes as drivers of food decision making (article C.2). Furthermore, re-
searchers now have a better picture of how consumers choose food when it varies in packag-
ing color (article E.1) or in visual appearance (articles E2, E.3). Since product experience 
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usually arises from the interaction between product and consumer, particularly article E.1 
addresses the consumer perspective by including consumer characteristics (i.e., health con-
sciousness) in the choice process.  
Overall, the articles of this dissertation map out the limitations of consumers as utter-
ly rational, deliberate decision makers. Consumers’ food choices were shown to be rather 
‘comparative’, in terms of comparing different products at the time of judgment (articles E.1, 
E.2), or comparing one available product with previous experiences (articles E.1, E.3). 
  
4.2 Limitations and avenues for future research 
Despite decades of research on the factors of food decision making and the role that 
food marketing plays in determining purchase and consumption, many voids are still to be 
filled (Chandon and Wansink 2012). This dissertation contributes to answer a handful of open 
questions in food research. It shows that food decision making of consumers is governed by a 
complex set of inter-related factors, whose magnitude and direction vary dynamically across 
consumer attitudes, consumption context, and type of food studied. However, the articles pre-
sented within this dissertation are not free from limitations. There are three general re-
strictions that are present in various articles of this dissertation. First, the participants of the 
empirical studies (articles E.1, E.2, E.3) are embedded within the German food system. Al-
though the attempt was made to ensure international applicability of study results, future stud-
ies need to replicate the empirical results in non-German food settings (e.g., with different 
color associations → article E.1; or where the value of suboptimal foods is announced more 
publicly, like the “inglorious fruits and vegetables” campaign of the French retailer Intermar-
ché → articles E.2, E.3). Second, the empirical research was conducted under the condition 
that consumers were aware of the study context. Additionally, the research is based on con-
sumers’ self-reported intentions to buy and consume the presented foods. This dissertation 
therefore stresses the necessity to test generalizability of the findings by conducting studies in 
a non-obtrusive real-life environment as consumers might behave differently (e.g., in stores or 
online shops). Future research is also needed that carefully considers store and consumer 
characteristics (e.g., for a consumer segmentation). Third, the conceptual articles represent 
only a static picture of research activities. However, the dissemination of the dissertations’ 
contribution hopefully stimulates further research on the topic of consumption decisions. 
As each article discusses its limitations at the end, Table 3 highlights the most im-
portant avenues for future research, divided into research content and research methodology. 
Awaiting future research addressing these and other issues, the findings of this dissertation 
particularly attest to the importance of interdisciplinary research in food marketing.  
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- Intensifying research on factors of food decision making and their interaction 
- Considering the various stages of consumer-product interaction (e.g., attention, expec-
tation, perception, experience) 
Healthy 
food choice 
- Investigating potential trade-offs of short-term (e.g., taste) and long-term product bene-
fits (e.g., health) 
- Validating how subtle cues (e.g., package color) influence healthful food choices 
- Focusing on research on the influence of supposed positive package health cues (e.g., 
health claims, light colors) on other valued characteristics of the food (e.g., food quality) 
and the raising ambivalent effects 
- Examining how the ambivalent effects hold for ‘neutral’ products that are neither 
healthy nor unhealthy (e.g., margarine) 
Packaging 
characteristics 
- Investigating the meaning of colors in different cultural and social backgrounds 
- Deeper understanding of the different color appearance parameters (hue, lightness, 
chroma, saturation) and their isolate and joint effect on consumers’ color perception 
- Testing the effect of packaging color for further product categories (e.g., meat) 
- Paying attention on interacting packaging characteristics (e.g., color and shape, color 
and size, color and material) when transporting a specific message 
- Investigating how packaging impacts consumers in a physical versus online store 
Sustainable 
food choice 
- Establishing research on suboptimal foods within the vast number of sustainability 
issues (e.g., claims, labels) 
- More research regarding the degree (e.g., bruises versus ripeness) and type (e.g., food 
shape versus date labeling) of suboptimality in foods 
- Investigating the sensitivity of consumers to discounts and other messages that promote 
choices of suboptimal food 
Multisensory 
food studies 
- Considering multiple senses in the new product development process (e.g., taste, smell, 
texture/haptic) 
- Paying more attention on time-displaced effects of product attributes (first purchase: 
visual cues; repeated purchase: sensory perception with all senses) 
Economic 
relevance 
- Focusing on research on the impact of offering suboptimal food on the profitability for 
the food industry, retail, and consumer 
Research methodology 
Interdisciplinarity 
- Strengthening interdisciplinary research efforts in consumers’ food research 
- Using knowledge, theories, and methods from neighboring (e.g., nutritional science, 
behavioral science) and distant scientific disciplines (e.g., medicine, food science) to 
understand food decision making 
Methodology / 
study setting 
- Focusing on multi-method approaches to obtain a more complete picture of consum-
ers’ decision making and concealed affective and cognitive mechanisms 
- Paying attention on the intention-behavior-gap by finding ways to collect more behav-
ior-related data 
- Examining food evaluation with additional dependent variables (e.g., willingness-to-
pay) 
- Testing whether product evaluation remains stable over time or whether it fades out over 
repeated exposure or choice (longitudinal study designs) 
- Increasing research efforts in online contexts due to the growing food e-commerce 
- Establishing more research in diverse food choice settings (e.g., labor, field, home-use) 
- Within field studies, making a distinction between different store types (e.g., discount 
supermarkets versus organic supermarkets) to cover different consumer lifestyles and 
personalities 
- Working on how to do research on food decision making more comparable across study 
settings 
- Conducting non-artificial field experiments 
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4.3 Implications for food industry, marketers, and food policy 
Because of the relevance of food for everyday life and particularly in the light of 
heightened worldwide awareness on encouraging healthful and sustainable food consump-
tion, this dissertation has broad practical implications. The research of this dissertation was 
conducted with the focus on these key topics in the food sector (→ chapter 1.1). However, 
practitioners should be aware of the dynamic nature of food markets and consumer prefer-
ences through demographic change (i.e., increasing demand for healthy products and smaller 
packaging sizes), increasing urbanization (i.e., challenging logistic processes in supply and 
disposal), technological advances (i.e., increasing industrialization, advent of new social me-
dia), shortage of resources (i.e., over-production and -consumption), and economic growth in 
emerging countries (i.e., new consumer markets and opportunities for global expansion) 
(PwC 2014). In the light of these developments, Table 4 shows a snapshot of the most im-
portant implications for food industry, marketers, and food policy. Considering these implica-
tions might provide considerable financial benefits for the actors of the food supply chain 
and societal benefits such as better health, improved well-being, and employment. 
 





- Designing products for specific target groups based on situational (e.g., first versus re- 
purchase) and individual characteristics (e.g., health consciousness, environmental con-
cerns) 
- Using package color strategically 
Competitiveness 
- Avoiding undermining packaging effectiveness and thus the effect on sales and profits 
- Using colors as a low-cost way to influence consumers’ attention and choice probability 
- Enhancing overall product experience by appealing multiple human senses 
- Increasing the availability of sampling opportunities as a more powerful and cheaper way 
compared to traditional forms of advertising 
Relationship 
management 
- Considering the power of consumers to influence product success or failure and thus 
integrating them at an early stage of the product development process 
- Fostering cooperation and developing business opportunities along the whole food 










- Carefully selecting a store type for healthy or sustainable foods (e.g., discount supermar-
kets versus organic supermarkets) based on consumers’ lifestyle and willingness-to-pay 
- Incentivizing the purchase of suboptimal food by lowering prices 
Product 
and positioning 
- Actively offering a broader range of healthy and sustainable (here: suboptimal) food 
- Allowing tastings by product sampling or front cooking to reduce negative taste effects 
(for both light-colored packaged food and suboptimal food) 
- Designing efficient ways to present healthy and sustainable food products (retail outlets, 
restaurant menus, online stores) 
- Including suboptimal products in the standard assortment 
- Referring to health or environmental benefits should be applied cautiously when address-
ing target segments for which health or sustainability is not the overarching priority 
- Promoting strengths of healthy and sustainable food in addition to their primary benefits 
(e.g., tastiness) 
- Facilitating healthy or sustainable food choices and consumption by displaying and posi-
tioning food in a specific manner (nudging) 
Communication 
- Understanding the power of packaging color as subtle cue to influence consumers 
- Considering the ambivalent effects of light-colored packaging 
- Critically examining the applicability of universal color associations 
- Employing darker tones for healthier options as one way to compensate a perceived 
tastiness decrease 
- Communicating different messages to target groups when promoting healthy and sus-





- Providing information and knowledge about health and sustainability via various 
sources and across extensive geographic areas 
- Educating consumers in food skills (e.g., using senses to evaluate the food) 
- Differentiating knowledge transfer between purchasing behavior at supermarkets or 
consumption behavior at home 
Government / 
legal actions 
- Avoiding misleading conclusions about healthy and sustainable food by standardizing and 
simplifying product labeling (e.g., keyhole-label in Sweden, Norway, Denmark) 
- Establishing (economic) conditions that increase the pressure to develop concepts of 
how to present and sell suboptimal foods in retail outlets 
- Facilitating ways for industry and marketers to offer suboptimal food 
Public image 
- Highlighting the positive aspects of healthy and sustainable food consumption (e.g., 
well-being, appreciation of food) instead of the negative aspects (e.g., avoiding diseases, 
reducing food waste) 
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C.1 – Predictors of food decision making: A systematic interdisciplinary 
mapping (SIM) review 
 
Abstract 
The number of publications on consumer food decision making and its predictors and corre-
lates has been steadily increasing over the last three decades. Given that different scientific 
disciplines illuminate this topic from different perspectives, it is necessary to develop an in-
terdisciplinary overview. The aim of this study is to conduct a systematic interdisciplinary 
mapping (SIM) review by using rapid review techniques to explore the state-of-the-art, and to 
identify hot topics and research gaps in this field. This interdisciplinary review includes 1,820 
publications in 485 different journals and other types of publications from more than ten dis-
ciplines (including nutritional science, medicine/health science, psychology, food science and 
technology, business research, etc.) across a period of 60 years. The identified predictors of 
food decision making were categorized in line with the recently proposed DONE (Determi-
nants Of Nutrition and Eating behavior) framework. After applying qualitative and quantita-
tive analyses, this study reveals that most of the research emphasizes biological, psychologi-




Food Decision Making, Food choice, Predictors, Interdisciplinary, Mapping Review, Con-
sumer Behavior  
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1 Introduction 
The topic of food decision making is central to many research disciplines, including 
nutritional science (Hoppert, Mai, Zahn, Hoffmann, & Rohm, 2012; Keim, Forester, 
Witbracht, Widaman, & Laugero, 2012; Vella, Stratton, Sheeshka, & Duncan, 2014), psy-
chology (Chandon & Wansink, 2012; Hollands, Prestwich, & Marteau, 2011; Renner, 
Sproesser, Strohbach, & Schupp, 2012; Rozin, 1996; Wohldmann, 2013), business research 
(Ackermann & Palmer, 2014; Carroll & Vallen, 2014), and food science and technology 
(Jaros, Thamke, Raddatz, & Rohm, 2009; O’Neill, Hess, & Campbell, 2014). Each discipline 
contributes to the knowledge on food decision making from its own point of view and with its 
unique theories and methods. Despite a growing number of publications and although the dis-
ciplines share the same topic, there is still potential to merge findings. Some time ago, Köster 
(2009) highlighted that many factors jointly determine food choice, but interdisciplinary ap-
proaches are still scarce. The large amount of literature with heterogeneous, sometimes con-
tradictory findings calls for ways to synthesize and generalize evidence about the key factors 
that guide food choice. 
The scientific disciplines that explore food decision making focus on different as-
pects, behaviors, and mechanisms. Comparing respective studies is particularly challenging 
because different terms may be used for similar concepts, or because identical terms may be 
used for different concepts. In the marketing and consumer behavior literature, food decision 
making has been conceptualized, for instance, in terms of purchase intention or purchase deci-
sion (Baker, McCabe, Swithers, Payne, & Kranz, 2015; Mai & Hoffmann, 2015; Papies, 
Potjes, Keesman, Schwinghammer, & van Koningsbruggen, 2014; Tirelli & Martínez-Ruiz, 
2014), or food choice (Carroll & Vallen, 2014; Peters-Texeira & Badrie, 2005). In the food 
science and technology literature, food acceptance or preference (Alm, Olsen, & Honkanen, 
2015; García-Segovia, Harrington, & Seo, 2015; Hoppert et al., 2013; Miyagi & Ogaki, 2014) 
are commonly related to food decision making, and psychological research has a stronger 
focus on eating behavior (Schüz, Schüz, & Ferguson, 2015; Sproesser, Schupp, & Renner, 
2013). 
The aim of the present study is to achieve an enhanced understanding of the predic-
tors of food decision making of adults. We intend to provide a comprehensive overview of 
existing knowledge in order to identify gaps in the literature, and to unravel promising con-
tributors that are apparently under-researched. Our main research questions (RQ), derived 
from this general aim, focus on categorizing and structuring the research in food decision 
making: 
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RQ 1: What are the main disciplines that examine food decision making? 
RQ 2: What are the predictors of food decision making that are mainly addressed, and which 
predictors suffer from a lack of research? 
RQ 3: What are the most common predictors analyzed in the various disciplines? 
RQ 4: In what way did the number and frequency of publications, and topics change over 
time? 
To achieve these goals, we conduct an extensive and systematic screening of the cur-
rent literature. More precisely, to obtain a better overview on the actual scientific discussion, 
and on research gaps that need to be addressed in interdisciplinary work, (a) we are looking at 
individual cognitive and affective processes that are mainly examined in psychology, con-
sumer behavior research, and neuroscience, (b) we consider biological predictors, sensory 
processes and the influence of intrinsic product attributes to cover food science and technolo-
gy, nutritional science, biology, and medicine, and (c) we focus on predictors within the phys-
ical and social environment of consumers that play a major role in sociology, marketing, and 
social psychology. 
 
2 Conceptual background: The DONE framework 
The conceptual frameworks of food decision making that are available (e. g., Booth 
et al., 2001; Furst, Connors, Bisogni, Sobal, & Falk, 1996; Köster, 2009; van der Merwe, 
Kempen, Breedt, & de Beer, 2010) have in common that they generally stem from one specif-
ic discipline (Köster, 2009), or that they focus only on specific factors that affect food choice 
(Booth et al., 2001). Keeping these limitations in mind, the interdisciplinary DONE frame-
work (Determinants Of Nutrition and Eating behavior framework) was recently developed to 
structure food choice determinants and influencing factors (Stok et al., 2016; Fig. 1). The aim 
of this framework is to identify all determinants of nutrition and eating that are relevant across 
age groups, and across research disciplines. It is intended as a dynamic, interactive framework 
that evolves and improves as experts can continue to contribute to it. The DONE framework 
is meant to facilitate the evolvement of a “common language” across disciplines, and to en-
courage collaboration and joint research efforts between the disciplines. 
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Fig. 1. Simplified representation of main levels (grey) and stem-categories (white) in the 
DONE framework. 
 
The DONE framework was developed, evaluated and visualized in a multiphase pro-
cess over a period of almost two years. The work took place in the context of the European 
research network and knowledge hub DEDIPAC (Determinants of Diet and Physical Activity) 
(Lakerveld et al., 2014). One working group with more than 80 scholars of different academic 
background was assigned to develop a multidisciplinary life-course framework of the deter-
minants of nutrition and eating. This group of DEDIPAC partners developed the DONE 
framework in two steps. After creating a taxonomy of relevant outcomes (food choice, intake 
of nutrients, eating behavior, etc.) for which the DONE framework should provide potential 
determinants, the partners systematically nominated relevant determinants per age group 
(children – adults – elderly) and integrated and categorized these determinants into one life-
course framework. The framework follows a socio-ecological structure, with determinants 
being structured along four main levels of influence: individual, interpersonal, environment, 
and policy. Within each of these main levels, determinants are grouped into eleven distinct 
stem-categories (see Fig. 1). Each stem-category is further subclassified into 51 more specific 
leaf-categories of which 47 currently exist in the framework of determinants shaping nutrition 
and eating of adults. 
For the evaluation of the framework, the DEDIPAC partners as well as 123 external 
experts from different disciplines and different countries rated the determinants on the dimen-
sions modifiability, relationship strength and population-level effect to identify areas of pri-
ority for research. In the second step, 129 external experts with different background evaluat-
ed the usefulness, completeness and applicability of the DONE framework for research, inter-
vention, and policy making. Feedback from the evaluation phase was incorporated into the 
framework. The current, visualized version of the DONE framework is freely accessible and 
can be utilized in a highly flexible and interactive way (www.uni-konstanz.de/DONE). The 




 that are currently included can be filtered, selected, sorted, and visualized 
for specific research questions, but also for more general overview approaches. Moreover, 
new determinants and categories can continuously be added to the framework, and the 
framework’s evolution can be tracked and recorded. 
 
3 Design 
3.1 Research approach 
To the best of our knowledge, no study has attempted to synthesize the literature on 
food decision making across different disciplines. Given that traditional review methods have 
severe limitations, previous interdisciplinary reviews on food choice are centred on specific 
domains to handle a large number of publications (e.g., Hollands et al., 2015). This work ex-
amines prior investigations at the meta-level of the food decision making complex by apply-
ing a method that we denote as systematic interdisciplinary mapping (SIM) review. Our SIM 
approach builds on the rapid review method, a specific form of literature review that synthe-
sizes evidence in a shortened time frame and that is widely used in medicine and healthcare 
(Brearley et al., 2011; Harker & Kleijnen, 2012; Khangura, Polisena, Clifford, Farrah, & 
Kamel, 2014). We extend this method by integrating mapping techniques from information 
technology research which do neither discuss and aggregate the outcomes of the primary stud-
ies nor extract specific details, but rather analyze research activities and aggregate studies 
within sub-topics of defined categories (Kitchenham, Budgen, & Pearl Brereton, 2011; Li, 
Avgeriou, & Liang, 2015; Pedreira, García, Brisaboa, & Piattini, 2015). Both review types 
use methods to accelerate or streamline conventional systematic review processes by, for in-
stance, searching in fewer databases, and considering time or scope constraints (Ganann, 
Ciliska, & Thomas, 2010; Grant & Booth, 2009). 
 
3.2 Search process 
3.2.1 Selection of data sources and search strategies 
To achieve a comprehensive overview about interdisciplinary research in food deci-
sion making, we searched ten electronic databases: Academic Search Complete, Business 
Source Complete, Cinahl, EconLit, PsycArticles and PsycInfo of EBSCO, Embase, PubMed, 
Web of Science, and Cochrane. The variation in database profiles ensured that publications of 
the most important research domains were covered, e. g., nutritional science, (evidence-based) 
                                                 
5
 Note: As causality was not checked, we further use the term predictor instead of determinant in this study. 
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medicine, business administration, behavioral science, food science and technology, and psy-
chology. 
‘Food decision making’, ‘food choice’, ‘food purchase intention’, etc. are often used 
interchangeably to describe the behavior of individuals in which they decide for (or against) 
particular foods and beverages. The use of the respective term depends on the discipline in 
which food consumption is analyzed, and on the background of the researcher. In the initial 
stage of this study, we identified the most common terms by conducting test searches and by 
evaluating references in sample articles. Because our focus is on quantitative studies that can 
be linked to the predictors, we added methodological keywords for identifying empirical pa-
pers (David & Han, 2004). After conducting a first title screening, we identified several stud-
ies that deal with animals or age groups that are not in the focus of the present research. For 
this reason, we added two exclusion criteria in our keyword combination (Table 1). 
 
Table 1. Keyword combination used in this study. 
Aim of the keyword Execution
a
 
Relevant dependent variables "food purchase intention*" OR "food purchase behavior" OR "food pur-
chase decision*" OR "food buying intention*" OR "food buying behavior" 
OR "food buying decision*" OR "food decision making" OR "food ac-
ceptance*" OR "food preference*" OR "food choice*" 
Methodological keywords AND (data OR regression OR empiric* OR variance OR evidence OR 
sampl* OR statistic* OR analysis OR signific* OR hypothes*) 
Exclusion of animal studies AND NOT (animal*) 
Exclusion of young age groups AND NOT (child* OR infant*)  
a 
Keyword combination is for all databases except PubMed. Search terms were adapted to respective database 
syntax to achieve valid results. For PubMed we used a specific combination of Mesh Terms: (food prefer-
ences/statistics and numerical data) AND humans. *, wildcard indicator. 
 
3.2.2 Inclusion and exclusion criteria 
To ensure that only relevant articles are included in the final analysis, we identified 
three types of exclusion criteria: publication-based, content-based, and method-based criteria. 
The publication-based criterion controls for the fact that only academic journals, PhD theses, 
books or book sections, working papers and conference proceedings were considered. Non-
academic articles, opinions, and experience papers were excluded. The content-based criterion 
eliminates articles which do not focus on food decision making (e. g., studies on the role of 
food in certain diseases). Due to the focus on human adults, we excluded all studies on ani-
mals, children, and infants (although the keyword combination contained these exclusion cri-
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teria, we received a number of hits that had to be dropped). From a methodological stand-
point, the search terms had to appear in the title, in the abstract, or in the keywords of the arti-
cle. In addition, the article should contain empirical analysis that is accompanied by infor-
mation on sample size, statistical tests, and analytic techniques. In line with our primary re-
search objective, conceptual papers, qualitative studies, overviews, or reviews were excluded. 
We considered papers without any time constraints because RQ 4 addresses the changes over 
time. 
 
3.2.3 Identification of relevant publications 
For the search process, we applied a stepwise approach that is illustrated in Fig. 2. 
The initial search revealed 10,380 entries in all databases. Two researchers independently 
screened titles and, if necessary, abstracts and keywords using the predefined inclusion and 
exclusion criteria. If a discrepancy about the inclusion of a publication occurred, the two re-
searchers re-read and discussed the paper until they agreed. To minimize the risk of (falsely) 
eliminating relevant publications, the critical papers were thoroughly checked. After remov-
ing publications without available full text, 5,328 publications remained across all databases. 
After removing all duplicates, the final sample included 1,820 unique relevant publications. 
 
 
Fig. 2. Illustration of the search process. 
 
The final dataset contained different types of publications: articles in academic jour-
nals (1,737), PhD theses (57), and other outlets (26), including book sections, conference pro-
ceedings, books, and working papers. The articles were published in 485 journals (Table S1). 
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The journal with the highest number of respective publications was Appetite (n = 244), fol-
lowed by Food Quality and Preference (n = 113), and the Journal of the American Dietetic 
Association (n = 79). In ten more journals, the number of publications was larger than 20. 
Of the 1,820 publications, 96.8% were published in English, 1.8% (= 33 articles) in 
one other language (16 Spanish, 6 Portuguese, 4 French, and some more), and 1.4% 
(= 26 articles) in another language with an English summary. 
 
3.3 Coding of predictors and disciplines 
In the next step, we categorized the predictors that are investigated in the 1,820 pub-
lications according to the DONE framework of food choice and eating behavior of adults. 
Two researchers independently analyzed the titles, abstracts and (if necessary) full texts of the 
publication to identify all predictors that the primary studies have examined. If there were 
doubts about the classification of a publication or disagreement between the researchers, the 
coding scheme that builds on the DONE framework was refined. That is, categories were 
added, expanded, or modified. Otherwise, both researchers discussed the issue until they 
achieved agreement. In this case, previously classified publications were checked again to 
validate their classification within the refined scheme. This iterative procedure proved to be 
very helpful as it led to a stable classification scheme after approximately 50 articles. 
To assess coding reliability, a researcher with another scientific background coded a 
subsample of 100 randomly selected publications. We calculated the agreement between both 
coders for their leaf-category codings of the DONE framework. Across the eleven stem-
categories, mean Krippendorff’s alpha indicated acceptable agreement (α = .74; see Hayes & 
Krippendorf, 2007). High agreement was also obtained when shifting the perspective by look-
ing at the reliability of the coding of each paper. In this second agreement test, we checked 
whether both researchers independently assigned a paper to the same leaf-category. If both 
coders did not place a publication into any leaf-category, this was also counted as agreement 
(because multiple answers were possible). Regarding the agreement that is based on the cod-
ing of one leaf-category, this rather conservative test indicated an agreement of 77%. If multi-
ple leaf-categories are considered for each paper, the agreement ranged from 84 % (agreement 
on three categories) over 92% (agreement on seven categories) to 99% (taking all possible 
categories into account) which is due to the large number of empty categories per paper. 
As the DONE framework is an interdisciplinary approach to classify the research ef-
forts in food decision making, we also aimed at revealing relations between the disciplines. 
To operationalize the disciplines in which studies on food decision making are published, we 
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used the journal as a proxy. The scope of an individual journal was extracted from the journal 
description in Web of Science, and one to three disciplines were assigned to a journal (e. g., 
Appetite: behavioral science and nutritional science; see Table S1).When a journal was not 
listed, we referred to Research Gate and Scientific Journal Rankings, or we visited the respec-
tive journal website (the same applies to books, book sections, PhD theses and conference 
proceedings). Subsequently, we grouped the journals (respectively the other types of publica-
tions) into ten disciplines: nutritional science, medicine/health science, food science and tech-
nology, behavioral science, biology, psychology, marketing and consumer research, social 
psychology, business administration and economics, and sociology. 
 
4 Findings 
4.1 Disciplines dealing with food decision making (RQ 1) 
As a first result, we obtained a dataset of 2,996 codings coming from 1,820 publica-
tions (some publications examined multiple predictors) (Table 2). It is important to note that, 
because of the inductive coding procedure, some of the 39 leaf-categories presented here dif-
fer from the 51 leaf-categories in the conceptual DONE framework (Stok et al., 2016). Four 
of these twelve additional DONE leaf-categories do not apply in the present context because 
they are specific to children and thus they are not within the scope of this paper. Seven DONE 
leaf-categories were matched here under two umbrella terms due to different wordings in the 
coded studies (for further details, see Table 2). For example, ‘social support’, ‘family struc-
ture’, ‘family food culture’, and ‘household socio-economic status’ (DONE framework) were 
merged into one broader category that we labeled as ‘social influence’. In addition, five leaf-
categories from the DONE main levels environment and interpersonal have so far been ne-
glected in the food decision making literature (these leaf-categories are provided in Table 2 
for transparency, but they are not further discussed in this article). Finally, based on the litera-
ture screening, two leaf-categories were added (see Table 2). 
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Individual (1,853) Biological 
(385, 20.8%) 
Brain Function (23) 
 Oral Function (15) 
 Food-related Physiology (74) 
 Anthropometrics (81) 
 Sensory Perception (78) 
 Physical Health (100) 
 Sleep Characteristics (14) 
 Demographic 
(440, 23.7%) 
Biological Demographics (213) 
Cultural Characteristics (143) 
Situational Demographics (0)† 




 Mood and Emotions (53) 
 Self-Regulation (27) 
 Health Cognitions (60) 
 Food Knowledge, Skills and Abilities (114) 
 Food Beliefs (247) 
 Food Habits (43) 
Eating Regulation (43) 
 Weight Control Cognitions and Behaviors (89) 




 Related Health Behaviors (51) 
 Situational and Time Constraints (49) 
Interpersonal (197) Social (178, 90.4%)** Social Influence (178) 
 Cultural (19, 9.6%)*** Cultural Cognitions, Cultural Behaviors (19) 
Environment (922) Product 
(768, 83.3%) 
Intrinsic Product Attributes (265) 
 Extrinsic Product Attributes (388) 
Food Type (115)* 
 Micro 
(70, 7.6%) 
Portion Size (6) 
 Home Food Availability and Accessibility (16) 
 Eating Environment (48) 
 Meso / Macro 
(84, 9.1%) 
Natural Conditions (0)† 
Characteristics of Living Area (13) 
 Environment Food Availability and Accessibility (40) 
 Food Outlet Density (4) 
 Exposure to Food Promotion (22) 
Market Prices (0)†  
Societal Initiatives (5) 
Policy (24) Industry (1, 4.2%) Industry Regulations (1) 
Industry Influence (0)† 
 Government (23, 95.8%) Governmental Regulations (4) 
Campaigns (19) 
Broader Governmental Policies (0)† 
a 
Numbers in parentheses indicate how often the predictor was analyzed (n = 2,996, resulting from a total of 
1,820 publications). The category scheme is adopted from the DONE framework (Stok et al., 2016) and slightly 
adapted. The two new leaf-categories that were inductively found in the literature screening and which are not 
part of the conceptual DONE framework are marked by an asterisk (*). Leaf-categories that have to do with 
parents (e. g., parental attitudes, parental behaviors) apply exclusively to children. They are thus by definition 
not applicable to our article. The leaf-categories family structure, family food culture, household socio-economic 
status, social support and social influence were merged to ‘social influence’ (**) The leaf-categories cultural 
cognitions and cultural behaviors were merged into one leaf-category (***).Predictors from five leaf-categories 
from the DONE framework have not yet been researched in the food decision making literature. These leaf-
categories are included in this table for completeness’ sake, but not discussed in the remainder of the article (†). 
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The analysis revealed a wide range of research disciplines dealing with food decision 
making. In total, 320 journals (with 885 articles and 63 other types of publications) are as-
signed to a single discipline, 145 journals (797 articles and 14 other types of publications) to 
two disciplines, and 20 journals (55 articles and 6 other types of publications) to three disci-
plines. This means that more than half of the research on food decision making comes in what 
we denote as single-discipline journals (320 of 485 journals), whereas fewer journals have a 
cross-disciplinary scope or even a broader interdisciplinary focus. When considering the pri-
mary discipline only, the analysis revealed a dominance of medicine/health science (125 jour-
nals with 221 articles and 11 other types of publications = 232), psychology (53 journals with 
100 articles and 17 other types of publications = 117), and nutritional science (30 journals 
with 277 articles and 12 other types of publications = 289; Fig. 3). Within the publications in 
two-discipline journals, nutritional science (34 journals with 539 articles and 4 other types of 
publications = 543), medicine/health science (38 journals with 67 articles and 6 other types of 
publications = 73), and psychology (26 journals with 68 articles and 4 other types of publica-
tions = 72) dominate. Although food science and technology (55 journals with 283 articles 
and 10 other types of publications = 293) and behavioral science (16 journals with 257 arti-
cles and 1 other type of publication = 258) have strong relations to a second discipline, they 
have weaker ties to a third discipline. The same is true for publications in marketing/consumer 
research, social psychology, and sociology. 
 
 
Fig. 3. Relationship between primary, secondary and tertiary discipline. NS, nutritional sci-
ence; MH, medicine/health science; FT, food science and technology; BS, behavioral science; 
B, biology; P, psychology; MC, marketing/consumer research; SP, social psychology; BA, 
business administration/economics; S, sociology. 
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4.2 Predictors of food decision making (RQ 2) 
The analysis of the 1,820 publications with 2,996 codings revealed that the majority 
of the studies investigate predictors of food decision making at the individual level (61.8%) 
(Fig. 4). Approximately one third of the predictors include environmental aspects (30.8%). 
Studies dealing with interpersonal relations represent 6.6%, while it appears that policy-
related studies are rare in food decision making research (0.8%). 
 
 
Fig. 4. Number of entries at DONE main level and stem-category (n = 2,996 entries). 
 
The main level predictors were further differentiated with respect to the stem-
categories of the DONE framework. As regards individual predictors, psychological factors 
received the greatest interest (48.8% of the individual predictors), with food beliefs (247) be-
ing the most important leaf-category (see Table 2). One fifth of the studies investigate biolog-
ical factors (20.8%). The relatively large number of anthropometric indicators, brain function, 
oral function, sleep characteristics, and physical health must be attributed to the fact that med-
icine/health science emerged as one of the dominant disciplines. Sensory and food-related 
physiology characteristics, e. g., food preferences and taste sensitivity, constitute vital biolog-
ical predictors, and the situational predictors include hunger, health-related behavior and situ-
ational and time constraints. Demographics (23.7%) also play an important role, presumably 
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because age, sex or ethnicity as cultural characteristics, and different socioeconomic predic-
tors such as educational level and personal income, are often used as independent or moderat-
ing variables. 
With regard to environmental predictors, product is the most widely studied factor of 
food choice (83.3%; see Table 2). This factor can be distinguished into extrinsic product at-
tributes, intrinsic product attributes, and food type. Further predictors are included at the mi-
cro-level (e. g., the eating environment), whereas the meso/macro predictors reflect the sur-
roundings of a consumer that (s)he is unable to change, such as  food availability and accessi-
bility. The by far smallest stem-category within the DONE framework is the policy predictor 
with a total of 24 studies. 
The analysis shows that there are large differences between well- and under-
researched predictors in food research; the median equals 49 (Fig. 5). While 20 of the 39 leaf-
category predictors jointly account for 2,611 entries, the remaining 19 predictors jointly sum 
up to only 385 entries. Among the well-researched predictors are mainly psychological and 
biological predictors at the individual level, and product characteristics at the environment 
level. Other environmental predictors and policy-related predictors that may both influence 
food decision making suffer from a lack of research. 
 
 
Fig. 5. Number of entries at DONE leaf-category in descending order (n = 2,996 entries).  
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4.3 Domain-specific predictors (RQ 3) 
In almost all disciplines, published research mainly addresses predictors from an in-
dividual perspective (Table 3), whereas research in business administration/economics puts 
emphasis on environmental predictors (highest number of the main level predictors). This can 
be explained with the fact that widely studied extrinsic product attributes (e. g., price and food 
labeling) are assigned to the environment level of the DONE framework. In the business liter-
ature, purchase intentions are analyzed in the context of food price, manipulated food labels, 
and other intrinsic or extrinsic cues (Kiesel & Villas-Boas, 2013; Lin, Ver Ploeg, Kasteridis, 
& Yen, 2014). 
The importance of individual predictors at the DONE main level mainly results from 
the large number of research on biological, psychological, and demographic predictors at the 
DONE stem-category (see Table 3). In behavioral science, the most examined psychological 
predictors are weight control cognition and behavior, personality, mood and emotions, and 
knowledge, skills and abilities. This is also true for psychology and social psychology. Nutri-
tional science and medicine/health science are two of the most active domains working on the 
examination of almost all predictors of food decision making, but also have a certain focus on 
psychological predictors. 
 
Table 3. Number of publications at DONE main level and stem-category per discipline. 

































































































NS 1,015 200 247 497 71  115 106 9  494 410 42 42  10 10 0 
MH 389 104 119 137 29  47 44 3  153 117 12 24  11 10 1 
FT 435 75 86 262 12  41 36 5  337 298 23 16  1 1 0 
BS 300 54 7 165 21  31 28 16  128 111 13 4  2 2 0 
B 264 103 66 66 29  9 9 0  67 51 6 10  4 4 0 
P 193 51 15 103 24  10 10 0  55 45 5 5  0 0 0 
MC 97 2 23 68 4  16 14 2  80 71 2 7  1 1 0 
SP 82 9 17 53 3  14 13 1  31 17 5 9  1 1 0 
BA 73 1 19 52 1  12 12 0  89 79 3 7  3 2 1 
S 14 0 9 3 2  1 1 0  3 3 0 0  0  0 0 
a Based on n = 1,820 publications in 485 journals; one to three disciplines could be assigned to one journal. NS, 
nutritional science; MH, medicine/health science; FT, food science and technology; BS, behavioral science; B, 
biology; P, psychology; MC, marketing/consumer research; SP, social psychology; BA, business administra-
tion/economics; S, sociology. Bold numbers are DONE main level predictors.  
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Biological predictors, such as food-related physiology and anthropometrics, domi-
nate in biology. In addition, predictors such as physical health, oral function or sleep charac-
teristics are becoming more prevalent. In sociology, research is determined by demographics 
but, in contrast to other disciplines, the contribution of sociology to analyzing predictors of 
food choice is small. Business administration/economics, food science and technology, and 
marketing/consumer research predominantly examine product-related attributes. In total, only 
three clusters of main research activities across all disciplines were identified, and the do-
main-specific examination of predictors is limited. All disciplines concentrate on few predic-
tors, whereas the remaining predictors received far less attention in prior research. 
 
4.4 Timeline of publications and research trends (RQ 4) 
The earliest publication identified in this study was published in 1954, a book section 
dealing with food preferences and menu planning. While between 1954 and 1989, the quota 
was one to eleven publications per year (Table 4), a steady increase in publication number is 
noticeable since 1990, with currently almost 200 publications per year. Compared to the most 
recent quinquennium with 883 publications, only 21 of the sampled studies were published 
between 1980 and 1984. In Web of Science, the ratio of total entries in these two periods is 
22.1 million vs. 8.8 million, which clearly shows that the topic of food decision making be-
came considerably more important to the research community during the last years. 
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Table 4. Assignments of publications to disciplines. 




Assignments of publications to disciplines
b
 
  NS FT BS MH P B MC BA SP S Total 
before 1960 8 1 2 0 0 5 0 1 4 0 0 13 
1960 - 1964 3 0 2 0 0 1 0 0 0 0 0 3 
1965 - 1969 6 0 0 0 2 4 0 1 0 0 0 7 
1970 - 1974 3 0 0 0 1 3 0 0 0 0 0 4 
1975 - 1979 13 6 2 0 0 5 3 0 0 0 0 16 
1980 - 1984 21 5 1 1 1 9 2 1 0 2 0 22 
1985 - 1989 32 11 2 7 5 8 7 2 1 3 0 46 
1990 - 1994 67 37 2 13 14 14 10 1 4 2 0 97 
1995 - 1999 162 91 12 24 38 26 12 5 7 8 2 225 
2000 - 2004 201 118 26 38 66 20 13 15 14 12 1 323 
2005 - 2009 405 174 86 57 90 44 58 43 22 19 5 598 
2010 - 2014 883 438 172 138 208 103 153 63 56 33 7 1,371 
Total 1,804 881 307 278 425 242 258 132 108 79 15 2,725 
a 
n = 1,804 publications (1,721 articles in 484 journals and 83 other types of publications, 1954 - 2014) 
b 
one to three disciplines could be assigned to one journal. NS, nutritional science; FT, food science and technol-
ogy; BS, behavioral science; MH, medicine/health science; P, psychology; B, biology; MC, marketing/consumer 
research; BA, business administration/economics; SP, social psychology; S, sociology. 
 
Table 4 also shows the time-based number of publications in the respective research 
disciplines. Evidently, the increasing trend is mirrored by all disciplines. For half of the disci-
plines (biology, marketing/consumer research, medicine/health science, nutritional science, 
and sociology), the research interest peaked in the last quinquennium. Nutritional science 
started to gain focus in the early 1990s and currently stands for approximately one third of all 
publications. With a slight delay, research in food science and technology, medicine/health 
science, behavioral science, biology, and psychology rose gradually, without reaching the 
amount of nutrition publications. Contrarily, the number of publications in business admin-
istration/economics, marketing/consumer research and social psychology remains stable at a 
relatively low level. Publications dealing with sociological aspects are scarce. 
A similar development in the number of publications emerged when distinguishing 
the levels of the DONE framework over time (Fig. 6). The number of publications on individ-
ual predictors exceeds the other predictors at DONE main levels since 1981. With a delay of 
about 13 years, the number of publications on environmental predictors also started to in-
crease and, since 2004, a continuous increase in publications targeting the interpersonal im-
pact on food choice is evident. Far behind, policy-related publications have been published 
continuously since 2010 with a small annual number from two to seven publications per year. 
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Fig. 6. Timeline of entries at DONE main level and stem-category (1954 - 2014, n = 2,974). 
 
The increase in the total number of publications since 1991 is strongly connected to 
the steady increase of mainly three stem-category predictors of the DONE framework: biolog-
ical, psychological, and product-related predictors. In accordance with Figure 5, the other 
predictors hardly attract the interest of the research communities. 
 
5 Interpretation of the findings 
This study is the first that systematically reviews quantitative studies in the field of 
food decision making. The analysis provides new insights into the research topics, the exam-
ined predictors of food choice, and current trends. As indicated by the increasing number of 
publications, the interest in food decision making was continuously growing in the last three 
decades. Although food decision making is in the scope of many domains, a vast majority of 
this research is conducted in medicine/health science, and in nutritional science. From a con-
ceptual perspective, biological, psychological, and product-related aspects are hot topics that 
attract most interest, whereas policy-related factors and other environmental predictors play a 
less important role in research. In the DONE framework, many researchers attested the poli-
cy-related predictors a very high overall research priority (Stok et al., 2016). Yet, according to 
C.1 – Predictors of food decision making: A systematic interdisciplinary mapping (SIM) review 
59 
the present mapping study, these variables are dramatically under-researched in the field of 
food decision making. 
Researchers may use the results of this study as a state-of-the-art reference and start-
ing point for future projects. It might be helpful to address other predictors to fill some of the 
identified voids in the research landscape. This overview of past research interests is also im-
portant to improve the quality and relevance of new publications, and to avoid unnecessary 
development expenditures. Given the limited amount of existing research in policy-related 
and environmental predictors of food decision making, there is much left to explore this topic. 
Furthermore, undertaking meta-analyses to verify relationships between predictors and food 
decision making in a quantitative way might be promising. 
The categorization of 1,820 different publications into 39 DONE leaf-categories un-
derlines the broad and general applicability of this study. Consequently, practitioners can refer 
to a broad classification scheme and they may compare the context of a given study with their 
own situation, therefore ensuring the suitability of the chosen solution. However, practitioners 
must be aware of the fact that the quality of the considered primary studies differs across the 
1,820 studies. So, on the one hand, they have to pay attention to the individual context when 
referring to a study but, on the other hand, they may contribute to ongoing research by provid-
ing new cases for empirical validation. 
Limitations must however be mentioned. Firstly, qualitative studies were excluded 
from the selection process because we primarily focused on determinants suggested in the 
DONE framework. Secondly, studies on food choice of children or infants were also exclud-
ed, and there still may be literature that is not referred to in the databases that were screened 
with our iterative stepwise approach. Thirdly, we used the journal as a proxy to code the dis-
ciplines. Future studies could code previous research efforts according to the discipline of the 
study itself or according to the affiliation of the authors. This might be helpful to gain new 
insights into the cross-disciplinary collaboration of researchers. 
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6 Conclusions 
The present study analyzed the field of food decision making research. Out of 10,380 
initially identified and screened publications, 1,820 studies (published between 1954 and Jan-
uary 2015) were finally included in this investigation. As a conceptual basis, the DONE 
framework allowed a systematic and reproducible mapping of the publications. It is the first 
comprehensive interdisciplinary representation of food research and builds a reference and 
starting point for further research activities. 
The study revealed an ongoing and rising interest in the field of food decision mak-
ing. The findings have shown which publication channels are used, how the number of publi-
cations has changed over time, and which scientific disciplines deal with the food choice pro-
cess. The study also takes a closer look on which predictors dominate previous research and 
what current research trends are being explored. Beyond mapping the state-of-the-art, the 
analysis has discovered several research gaps, such as the lack of quantitative research on the 
policy-related predictors (e. g., systematic examination of the implications of policy initiatives 
or specific prevention campaigns for food decision making). Furthermore, implications were 
derived for further research and practical applications, including the need for more scientific 
work about the environmental predictors of the DONE framework. 
This study provides a systematic approach to guiding research in the field of food 
decision making. It enables the inclusion of further studies because the DONE framework as a 
classification scheme can easily be applied to new publications. The field covered in the pre-
sent study was highly interdisciplinary. This implies that the relevant knowledge on the 
mechanisms that guide food decision making is spread across publications from very different 
domains and with several (highly diverse) mental paradigms represented in domain-specific 
theories, study designs, and data. Therefore, future studies should try to link and integrate the 
perspectives of the different disciplines to paint a more realistic picture of the food decision 
making of individuals. 
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Journal of Prosthetic Dentistry 2 0,12 MH 
  
Journal of Psychiatric Practice 1 0,06 P 
  











Journal of Psychiatric Research 2 0,12 P 
  
Journal of Psychology 5 0,29 P 
  
Journal of Psychosomatic Research 1 0,06 P 
  
Journal of Public Health 1 0,06 MH 
  
Journal of Public Policy and Marketing 3 0,17 MC 
  
Journal of Quality Assurance in Hospitality and 
Tourism 
1 0,06 MC 
  
Journal of Renal Nutrition 2 0,12 NS MH 
 
Journal of Research in Personality 1 0,06 SP 
  
Journal of Retailing and Consumer Services 1 0,06 MC 
  
Journal of Sensory Studies 21 1,21 FT 
  
Journal of Sleep Research 1 0,06 MH P 
 
Journal of Social and Clinical Psychology 1 0,06 P 
  
Journal of Social Psychology 2 0,12 SP 
  
Journal of Sports Sciences 1 0,06 B 
  
Journal of Tekirdag Agricultural Faculty 1 0,06 FT 
  
Journal of the Academy of Marketing Science 1 0,06 MC 
  
Journal of the Academy of Nutrition and  
Dietetics 
22 1,27 NS 
  
Journal of the American College of Nutrition 3 0,17 NS 
  
Journal of the American Dietetic Association 79 4,55 NS 
  
Journal of the American Pharmacists Association 1 0,06 MH 
  
Journal of the Experimental Analysis of Behavior 1 0,06 BS 
  
Journal of the Japanese Society for Food Science 
and Technology 
1 0,06 FT 
  
Journal of the Market Research Society 1 0,06 MC 
  
Journal of the National Medical Association 2 0,12 MH 
  
Journal of the Science of Food and Agriculture 2 0,12 FT 
  
Journal of Transplantation 1 0,06 MH 
  
Journal of Women's Health 2 0,12 MH B 
 
Journal of Wound, Ostomy and Continence  
Nursing 
1 0,06 MH 
  
Judgment and Decision Making 3 0,17 P MC 
 
Korean Nurse 1 0,06 MH 
  
Land Use Policy 1 0,06 BS 
  
Learning and Motivation 1 0,06 P 
  
Liver Transplantation 1 0,06 MH 
  
Local Environment 2 0,12 FT BA 
 
LWT - Food Science and Technology 2 0,12 FT 
  
Marketing Intelligence and Planning 1 0,06 MC 
  
Marketing Letters 1 0,06 MC P 
 
Marketing Management Journal 1 0,06 MC 
  
Maternal and Child Nutrition 1 0,06 NS MH 
 
Meat Science 1 0,06 FT 
  
Media Psychology 1 0,06 MC P 
 











Medical Channel 1 0,06 MH 
  
Medical Hypotheses 1 0,06 MH 
  
Menopause 2 0,12 MH 
  
Military Medicine 2 0,12 MH 
  
Mljekarstvo - Dairy 1 0,06 MC MH FT 
Molecular and Cellular Endocrinology 1 0,06 B MH 
 
Molecular Metabolism 1 0,06 B MH 
 
Molecular Psychiatry 1 0,06 B P 
 
Movement Disorders 1 0,06 MH 
  
National Health Statistics Reports 1 0,06 MH NS 
 
Neurocase 1 0,06 MH P 
 
NeuroImage 2 0,12 P MH 
 
Neurology 1 0,06 P MH 
 
Neuropsychopharmacology 1 0,06 P MH 
 
NeuroReport: For Rapid Communication of  
Neuroscience Research 
1 0,06 P 
  
Neuroscience 1 0,06 P 
  
Neuroscience and Biobehavioral Reviews 2 0,12 P BS 
 
North American Journal of Psychology 1 0,06 P BS 
 
Nursing Standard 1 0,06 MH 
  
Nutricion Hospitalaria 8 0,46 NS 
  
Nutridate 1 0,06 MH 
  
Nutrients 3 0,17 NS 
  
Nutrition and Behavior 1 0,06 NS BS 
 
Nutrition and Cancer 2 0,12 MH NS 
 
Nutrition and Diabetes 1 0,06 NS MH 
 
Nutrition and Dietetics 3 0,17 NS 
  
Nutrition and Food Science 2 0,12 NS FT 
 
Nutrition and Health 1 0,06 MH NS 
 
Nutrition and Metabolism 1 0,06 NS B 
 
Nutrition Bulletin 3 0,17 NS 
  
Nutrition Journal 9 0,52 NS 
  
Nutrition Research 12 0,69 NS 
  
Nutrition Research and Practice 3 0,17 NS 
  
Nutrition Reviews 1 0,06 NS 
  
Nutrition, Metabolism, and Cardiovascular  
Diseases 
1 0,06 NS B MH 
Nutritional Neuroscience 1 0,06 P NS 
 
Nutritional Sciences Journal 1 0,06 NS MH 
 
Obesity 13 0,75 B NS 
 
Obesity Facts 9 0,52 B NS 
 
Obesity Research 1 0,06 B NS 
 
Obesity Reviews 6 0,35 B NS 
 
Obesity Surgery 4 0,23 B MH 
 
Occupational Medicine 1 0,06 MH 
  











Oncology Nursing Forum 1 0,06 MH 
  
Otolaryngology - Head and Neck Surgery 1 0,06 MH 
  
Pacific Health Dialog 1 0,06 MH 
  
Pain Medicine 1 0,06 MH 
  
Pan American Journal of Public Health 1 0,06 MH 
  
Patient Education and Counseling 2 0,12 SP 
  
Pediatric Diabetes 1 0,06 B MH 
 
Perceptual and Motor Skills 3 0,17 P 
  
Personality and Individual Differences 3 0,17 SP 
  
Perspectives in Public Health 2 0,12 MH 
  
Pharmacotherapy 1 0,06 MH 
  
Physiology and Behavior 30 1,73 B P 
 
PLoS ONE 11 0,63 BS B MH 
Polish Journal of Food and Nutrition Sciences 1 0,06 FT NS 
 
Preventing Chronic Disease 2 0,12 MH 
  
Preventive Medicine 10 0,58 MH 
  
Progress in Cardiovascular Nursing 1 0,06 MH 
  
Psychiatria i Psychologia Kliniczna 1 0,06 MH P 
 
Psychiatry Research 1 0,06 P 
  
Psycho-Oncology 1 0,06 P 
  
Psychological Record 1 0,06 P 
  
Psychological Reports 3 0,17 P 
  
Psychological Review 2 0,12 P 
  
Psychological Science 2 0,12 P BA 
 
Psychological Studies 1 0,06 P MH 
 
Psychology and Health 7 0,40 MC P 
 
Psychology and Marketing 5 0,29 MH P 
 
Psychology of Addictive Behaviors 1 0,06 MH P 
 
Psychology, Health and Medicine 1 0,06 B P 
 
Psychoneuroendocrinology 2 0,12 MH P 
 
Psychopharmacology 5 0,29 P MH 
 
Psychophysiology 1 0,06 P B 
 
Psychosomatic Medicine 2 0,12 P 
  
Public Health 2 0,12 MH 
  
Public Health Nutrition 50 2,88 MH NS 
 
Quarterly Journal of Studies on Alcohol 1 0,06 MH 
  
Regional Anesthesia and Pain Medicine 1 0,06 MH 
  
Registered Nurse Journal 1 0,06 MH 
  
Rehabilitation Nursing 1 0,06 MH 
  
Renewable Agriculture and Food Systems 1 0,06 FT 
  
Reproductive Sciences 1 0,06 MH B 
 
Review of Agricultural Economics 1 0,06 BA 
  
Revista de la Facultad de Ciencias Medicas 2 0,12 MH 
  
Revista Espanola De Nutricion Comunitaria 1 0,06 NS 
  











Revue d'Economie Politique 1 0,06 BA 
  
Risk Analysis 2 0,12 MH BS 
 
Rivista di Economia Agraria 1 0,06 BA 
  
Roczniki Panstwowego Zakladu Higieny 1 0,06 MH 
  
Rural Sociology 1 0,06 S 
  
Salud Publica de Mexico 2 0,12 MH 
  
Scandinavian Journal of Food and Nutrition 1 0,06 FT MH 
 
Scandinavian Journal of Psychology 1 0,06 P 
  
Scandinavian Journal of Public Health 1 0,06 MH 
  
Sciences des Aliments 1 0,06 FT 
  
Sex Roles 1 0,06 P B 
 
Sleep 2 0,12 MH P 
 
Sleep and Biological Rhythms 3 0,17 MH P 
 
Social Indicators Research 1 0,06 SP S 
 
Social Marketing Quarterly 1 0,06 MC BA 
 
Social Psychological and Personality Science 1 0,06 P 
  
Social Science and Medicine 4 0,23 MH BS 
 
Social Sciences in Health 1 0,06 MH BS 
 
Soins Pediatrie/Puericulture 1 0,06 SP MH 
 
Special Care in Dentistry 1 0,06 MH 
  
Sport Journal 1 0,06 B 
  
Stress and Health 1 0,06 P 
  
Suranaree Journal of Science and Technology 1 0,06 B FT 
 
The American Journal of Maternal / 
Child Nursing 
1 0,06 MH 
  
The Laryngoscope 1 0,06 MH 
  
Topics in Clinical Nutrition 8 0,46 MH 
  
Tourism and Hospitality Management 1 0,06 BA 
  
Trials 1 0,06 MH 
  
Twin Research and Human Genetics 1 0,06 B 
  
U.S. Army Medical Department Journal 1 0,06 MH 
  
WMJ : Official Publication of the State Medical 
Society of Wisconsin 
1 0,06 MH 
  
Young Consumers 1 0,06 MC BA 
 
Zeitschrift für Ernährungswissenschaft 2 0,12 NS 
  
Total 1,737 100,00 
   
 
NS, nutritional science; MH, medicine/health science; FT, food science and technology; BS, behavioral science; 
B, biology; P, psychology; MC, marketing/consumer research; SP, social psychology; BA, business administra-
tion/economics; S, sociology. 
 
C.2 – Extrinsic and intrinsic food product attributes in consumer and sensory research 
77 
C.2 – Extrinsic and intrinsic food product attributes in consumer and sen-
sory research: Literature review and quantification of the findings 
 
Abstract 
As recent years have seen a growing interest in integrating consumer and sensory science, this 
paper aims at presenting a systematic literature review of empirical studies investigating the 
effects of intrinsic and extrinsic food product attributes on consumers’ food decision making. 
Both an electronic search through a digital library database and a forward-backward search 
identified relevant international research. The final set of studies (n = 602) was coded in terms 
of research methods, intrinsic and/or extrinsic product attributes, consumer response meas-
urement, study location, sample size, study origin, and food type. Although the importance of 
some product attributes such as taste, label, and price are very well recognized, other variables 
such as appearance, smell, sound, texture, and packaging have been neglected in research so 
far. Findings also show an imbalance of applied methods in consumer and sensory research. 
Surveys/questionnaires and acceptance tests are well-represented, whereas other methods or 
combinations thereof were rarely or never applied. Food liking was found to be the most fre-
quent way to obtain consumer food evaluation data. Mirroring an increasing importance of 
product attributes in consumer food decisions, marketing managers and product developers 
today are well advised to take simultaneous effects of extrinsic and product attributes into 
account. This article calls for future studies with more holistic study designs to avoid the risk 
of misleading conclusions in both consumer and sensory research. 
 
Keywords 
Food decision making, systematic review, intrinsic attributes, extrinsic attributes, consumer 
research, sensory research 
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1 Introduction 
Today’s food market seems to be saturated in almost all food groups, leading to an 
increased competition among food producers and, in turn, to the need to continuously develop 
new products (Combris et al. 2009). Strategic marketing, including the development of new 
businesses, plays an important role in promoting product innovations that are able to attract 
consumers’ attention and to stimulate purchases. However, in the food market, between half 
and two-thirds of launched products end up failing (Dijksterhuis 2016). Due to market satura-
tion and product variety, the main obstacle for food producers is finding success in the mar-
ket. To do so, food marketers need to know which product attributes contribute to product 
success or failure. The aim of this review is to provide an overview of the existing knowledge 
of extrinsic and intrinsic food product attributes in consumer and sensory research that can be 
used by food marketers. Additionally, by filling the identified research gaps, the marketing 
and business practice might gain the potential to find new ways to influence consumer food 
decisions. 
In stores, consumers make rapid choices among multiple products that differ in their 
extrinsic (e.g., brand, packaging, label, price) and their expected intrinsic attributes (e.g., 
taste). When purchasing a food for the first time, sensory information is missing and consum-
ers are compelled to rely on extrinsic food attributes. Recent studies in marketing and busi-
ness literature show that consumers form their judgments based on heuristic conclusions 
about the product’s extrinsic attributes in the absence of intrinsic sensory properties (Irmak et 
al. 2011; Deng and Srinivasan 2013). In post-purchase situations, consumers are able to refer 
to sensory information without the need to deduce taste from heuristic cues (Mai et al. 2016). 
Prior research shows that taste judgments mainly build on actual sensory perception of intrin-
sic properties, rather than on expectations formed by extrinsic attributes (e.g., Arvola et al. 
1999; Hoegg and Alba 2007). Despite a few studies showing that extrinsic cues may bias ac-
tual taste experiences (Wansink and Park 2002; Naylor et al. 2009; Irmak et al. 2011), most of 
the research focuses either on intrinsic or extrinsic food attributes. This raises research ques-
tion 1: 
Research question 1: Which extrinsic and intrinsic product attributes have been ana-
lyzed in food decision making research and to what extent? 
Research on the impact of product attributes on food decision making originates 
from different academic disciplines, each using different scientific methods (Grunert 2015). 
Business and consumer research mainly use methods that analyze extrinsic food attributes. 
The extrinsic attributes are a part of the marketing mix with a focus on the visual sense of 
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consumers only. In contrast, sensory research uses methods that analyze changes in the intrin-
sic properties of a food based on a variation of the nutritional composition or in the manufac-
turing process. These changes, in turn, influence all human senses (appearance, taste, smell, 
sound, texture), regardless of the purchase context (Grunert 2015). What has been neglected 
in research so far is an overview about which methods are typical for both streams of research 
and to what extent they are used. Moreover, this article intends to provide an overview of 
method use over time. This leads to the second research question: 
Research question 2: Which methods are typical for consumer and sensory research, 
to what extent were they used in food decision making research, and how has their 
use changed over time? 
Although several articles have called to integrate consumer and sensory research 
more thoroughly (Garber et al. 2003; van Kleef et al. 2005; Jaeger 2006; Enneking et al. 2007; 
Raz et al. 2008; Combris et al. 2009; Simeone and Marotta 2010; Piqueras-Fiszman and 
Spence 2015), an overview of intrinsic and extrinsic food product attributes in consumer and 
sensory research is still missing. The third research question therefore aims to combine the 
findings of research questions 1 and 2: 
Research question 3: Which extrinsic and intrinsic product attributes have been in-
vestigated? Which methods from consumer and sensory research were used and to 
what extent? 
To answer the research questions, this paper employs a three-tier approach: a) an ex-
tensive systematic literature review, based on methodological propositions of Tranfield et al. 
(2003), produces a comprehensive summary of existing scientific studies about intrinsic 
and/or extrinsic product attributes; b) this review reveals research methods from consumer 
and sensory research that have widely been used to predict consumer food decisions; and c) a 
subsequent quantitative content analysis synthesizes the findings across all included studies 
using a deductive approach (Kondracki et al. 2002). Finally, a roadmap for further interdisci-
plinary research is outlined and implications for the business and marketing practice are dis-
cussed. 
 
2 Theoretical background 
2.1 Extrinsic and intrinsic product attributes 
The sources from which consumers form expectations and perceptions of a food 
product are typically separated into extrinsic and intrinsic product cues. Both of them affect 
food decisions, but they differ in the point of time in which they occur. Extrinsic product at-
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tributes are related to the product but are not physically a part of what is tasted or consumed. 
Subsequently, consumers make their purchase decisions under uncertainty with regard to 
product quality (Akdeniz et al. 2013). Therefore, consumers base their decisions on product-
related extrinsic attributes (e.g., brand, packaging, price, labels, claims) due to missing senso-
ry perception (Akdeniz et al. 2013). Intrinsic cues comprise physical characterization and nu-
tritional composition of a product, which in turn affect appearance, smell, taste, sound, and 
texture/mouthfeel of the food (Enneking et al. 2007). Sensory perception, based on such in-
trinsic cues, influences consumers’ perception of and experience with the food. Extrinsic and 
intrinsic product cues evoke different responses in consumers, which then jointly shape 
pruchase decisions. For instance, recent studies have revealed that both the ingredients (intrin-
sic attributes, e.g., fat, sugar) and the labeling (extrinsic attribute) drive the choice of yoghurt 
(Johansen et al. 2010; Hoppert et al. 2012). 
 
2.2 Consumer responses in food product evaluations 
Numerous terms have been developed in the business and sensory literature to de-
scribe how consumers react to food (Mela 2001; Jaeger et al. 2011; Symmank et al. 2017). 
Although terms like food choice, food preference, food liking, or food wanting are often used 
interchangeably, it is useful to make a distinction. 
Purchase intention is often used in marketing research to determine whether the con-
sumer would really buy a product or not. It is assumed that the intention is directly influenced 
by the attitude towards the product and influences a subsequent behavior (Ajzen and Fishbein 
2000). Even though consumers intend to purchase a food, they do not always translate this 
intention into behavior. A meta-analysis of Sheeran (2002) shows that intentions explain only 
28% of the variance in behavior. Recent research in food decision making dealt with the in-
tention-behavior discrepancies, for instance in the context of organic or ethical food consump-
tion (Carrington et al. 2010; Aschemann-Witzel and Niebuhr Aagaard 2014). 
Food liking or food pleasantness describe the immediate experience from the 
orosensory stimulation of eating resulting in a degree of pleasure or displeasure from a certain 
food (Mela 2001). It refers to a qualitative and hedonic evaluation of food which is judged 
against an internal reference. Hedonic evaluations are affective responses, whereby affective 
generally means an emotional reaction to a stimulus, and hedonic specifically refers to the 
emotion of pleasure/enjoyment or displeasure/aversion. 
Food wanting is the intrinsic motivation of humans to engage in eating a food (Mela 
2006). Consumers want to eat pleasurable food. Based on the assumption that consumers’ 
food decisions in food-rich environments are increasingly driven by pleasure rather than the 
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physiological need to eat, food wanting reflects a motivational process that translates liking 
into action (Berridge 2009; Stroebe et al. 2008). While food liking remains relatively stable 
over time, food wanting can vary considerably over time and between situations (Mela 2001). 
Thus, food liking does not automatically cause food wanting. For instance, although an indi-
vidual’s general liking of fish is high and stable, the actual desire to eat fish is low at breakfast 
time. In recent food research, numerous attempts have been made to distinguish between lik-
ing and wanting (Finlayson et al. 2007, 2008). Even though liking and wanting can be manip-
ulated and measured separately due to different neural substrates (Berridge  2009; Castro and 
Berridge 2014), they are not isolated systems, but rather interconnected (Havermans 2011). 
Food preferences become useful in discussing decision making processes of con-
sumers. Preference means a selection of a food among two or more alternatives available in a 
given time and context (Mela 2006). Again, the liking of a food does not necessarily cause 
food preference. Product A may be preferred over product B, even though neither is liked 
(e.g., in the case of a forced choice task in marketing research, Dhar and Simonson 2003). 
Contrarily, a food may actually not be liked, but nevertheless preferred because of a price 
reduction or health concerns. In sensory analysis, preference tests are used to measure the 
liking of sensory attributes. In marketing, preference often means choice. A third meaning 
refers to real sales data as an indicator for consumer preferences. However, in consumer and 
sensory research there is agreement that preference is more an outcome rather than an influ-
encing factor (Peters et al. 2014; Chen and Lee 2015; Bianchi 2015; Byrnes and Hayes 2015). 
Contrarily, in nutritional science or medicine, food preference is seen as an influencing factor 
of dietary intake and eating behavior (e.g., Grimm and Steinle 2011; Takamura et al. 2014). 
Keeping a wary eye on human behavior, food liking can be seen as an essential part 
of food wanting, and food wanting as a key contributor of food preference. However, liking of 
a food is only one of many factors in the formation of food preferences (Mela 2001). In the 
1980s, a taxonomy of food acceptance and rejection was developed (Rozin and Fallon 1980; 
Rozin and Vollmecke 1986) which differentiates between three types of reasons for food 
preference or food aversion: First, liking or disliking of the intrinsic attributes (taste, smell, 
texture, or appearance); second, the anticipated consequences of food intake (e.g., health); 
and third, food appropriateness, i.e. the decision of whether food is deemed edible or not. In 
contrast to measuring food preference as an explicit decision in favor of a certain food (and 
implicit against a different food), there are several studies that explicitly measure food rejec-
tion (e.g., Giménez et al. 2015; Lima Filho et al. 2015). The rejection threshold method has 
been widely used to determine intensities of compounds or ingredients that become aversive 
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at high levels, for instance bitter compounds in chocolate, or off flavors in wine (Prescott et 
al. 2005; Harwood et al. 2013). 
Previous researchers have criticized these distinctions by stating that liking, prefer-
ence, or purchase intention measure hypothetical constructs as consumers evaluate products 
which do not exist on the market yet or which they probably would never choose in real mar-
ket situations (Van Loo et al. 2011). Recently, the measurement of willingness-to-pay has 
been established as a better approximation of true preferences and a better prediction of field 
behavior (Lusk and Shogren 2007; Chang et al. 2009). For instance, in experimental auctions, 
consumers receive money and reveal the value of a real product. Even though auctions are 
mainly conducted as central location tests, they are considered a possibility to reduce exces-
sive hypothetical bias. 
 
2.3 Classification of research methods 
2.3.1 Consumer research methods 
In this article, the classification of consumer research methods follows the classifica-
tion of Eid et al. (2015). According to them, consumer research methods can be roughly di-
vided into self- and external assessment methods, on the one hand, and methods based on hu-
man behavior on the other (Table 1). Methods in commercial marketing and consumer re-
search are commonly divided into qualitative and quantitative methods (Calder 1977). Self- 
and external assessment methods can be of qualitative and quantitative natures, whereas 
methods based on human behavior are mostly quantitatively driven. Qualitative research pro-
vides an in-depth but also subjective understanding of the consumer. Quantitative research 
often makes use of numerical measurement and statistical analyses that do not require further 
subjective interpretation of the researcher (van Kleef et al. 2005). 
 
Tab. 1. Classification of consumer research methods based on the literature search of this 
article. 
Note. The categorization of methods is not completely free from overlaps, but provides a rough overview based 
on the present literature review.  
Self- and external assessment methods Methods based on human behavior 
Observation 
Face-to-face interview 
Focus group discussion 
Word association / completion techniques 
Surveys and questionnaires 
Computer-based techniques 
 Implicit associative test (IAT) 
 Eye tracking 
 Functional magnetic resonance imaging (fMRI) 
 Adaptive conjoint analysis (ACA) 
Computer-supported / non computer-based techniques 
 Choice task 
 Choice-based conjoint analysis (CBC) 
 Auction 
 qualitative and quantitative techniques  quantitative techniques 
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In marketing research, direct observation either by the researcher or by videography 
and photography is used to record, for instance, the number of food items purchased or the 
path of consumers through the supermarket (Areni and Kim 1993; Basil 2011). Face-to-face 
interviews are based on personal interactions between researchers and participants. Depending 
on the research aim, the researcher uses structured (minimizing response options or preparing 
a question guide) or unstructured (next question depends on participant’s answer) interview 
formats. In focus group discussions, a researcher provokes a discussion by forming a group of 
individuals to obtain insight into group interactions, individual motivations, and subliminal 
processes of human attitudes and beliefs (Threlfall 1999). Focus groups and interviews often 
serve as a preliminary stage of a research process, followed by further quantitative analyses. 
Word associations and completion techniques aim at identifying relevant determinants of con-
sumers’ decision making by asking them to freely think about a stimulus in order to extrapo-
late their behavior (Roininen et al. 2006). Surveys or questionnaires represent a way of gath-
ering information about consumers’ knowledge and awareness of products or brands, their 
attitudes and feelings towards them, and about demographics and lifestyles at a given point of 
time (Babin and Zikmund 2015). 
Since product-induced inferences may be activated automatically and operate outside 
conscious awareness, the implicit association test (IAT), a computer-based reaction-time 
measurement, is widely applied as a technique to measure underlying affects and attitudes 
(Greenwald et al. 1998). In food research, the IAT reveals, for instance, automatic linkages 
between light-colored food packages and healthiness (Mai et al. 2016). Eye tracking is an 
established method to allocate an individual’s attention based on visual information 
(Velichkovsky et al. 1996). For instance, recent research explores how specific messages 
draw attention to visually suboptimal foods (Helmert et al. 2016). Functional magnetic reso-
nance imaging (fMRI) provides a real-time analysis of brain activations and a detailed under-
standing of psychological processes underlying the evaluation and expectancy formation dur-
ing food purchase decisions (Enax et al. 2015). In choice tasks participants have to choose one 
product from at least two alternatives (similar to preference tests in sensory research). Con-
sumers tend to demand the “perfect product” (i.e., all preferred attributes at the lowest price 
level). To overcome this inflation of expectations, researchers use decomposition techniques 
(e.g., choice-based conjoint analysis (CBC), adaptive conjoint analysis (ACA)) that shed light 
on how an individual’s preference is constructed (Bettman et al. 1998). In many of the above 
mentioned research methods, participants are asked to make hypothetical choices or state hy-
pothetical preferences instead of making real market choices. Participants believe their re-
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sponses are inconsequential and they neither perceive gain nor loss from their decision (Lusk 
and Shogren 2007). In contrast, experimental auctions put participants in an active market 
environment including real economic consequences when stated preferences do not match 
their actual choice. Participants think about what they are actually willing to pay for a prod-
uct. 
 
2.3.2 Sensory research methods 
The present article uses the classification of Lawless and Heymann (2010) to classify 
research methods in sensory research. Accordingly, the methods can be divided into three 
broad categories: difference testing, descriptive testing, and affective testing. Table 2 summa-
rizes the sensory methods, their objectives, and their potential to be applied in marketing and 
business practice. For a comprehensive overview, see Lawless and Heymann (2010, p. 81). 
Difference tests aim at determining whether there are detectable differences between 
products or product attributes (Næs et al. 2011). The results of difference tests do not indicate 
whether the difference is due to the taste, smell, or texture. If no difference was detected, this 
does not automatically allow the conclusion that the samples are completely similar, only that 
the participants were not able to detect a difference.  
As it is not possible to deduce any qualitative assessments based on difference test-
ing, descriptive methods are used to obtain detailed information concerning product appear-
ance, taste, smell, or oral texture (Meilgaard et al. 2006). These methods allow for the de-
scription and quantification of inter-product sensory differences to provide relative sensory 
positioning of a set of products (Delarue and Sieffermann 2004; Varela and Ares 2014). Par-
ticipants should be able to describe their perception by using sensory vocabulary without any 
hedonic evaluation. 
Affective testing is the third broad category of sensory research methods. Unlike the 
first two categories, panels of untrained participants are required here. It is therefore one of 
the most important tools in determining food decisions of consumers. Affective tests either 
measure the order of liking for different products or a sensory attribute, or they measure the 
degree of liking using hedonic scales. Hedonic scales have emerged as an effective tool in 
market research to estimate product success or failure and, thus, have gained great attention in 
research (e.g., Hein et al. 2008; Jaeger and Cardello 2009; Lawless et al. 2010; Lim 2011). 
The most common scale is the nine-point hedonic scale (Peryam and Pilgrim 1957; Jones and 
Thurstone 1955). Just-about-right (JAR) scales combine hedonic evaluations with intensity 
ratings (Rothman and Parker 2009; Hoppert et al. 2013; Li et al. 2014a). 
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Tab. 2. Classification of sensory methods (based on Lawless and Heymann 2010) and possible applications in marketing and business practice (list 








Field of application in 
marketing and busi-
ness practice 









- Product development 
- Change of ingredients 
- Changes in manufac-
turing processes 
- Quality assurance 
- Observation of storage 
stability 
- Influence of packag-
ing material 
- Developing me-too-
products within a dif-
ferent company 
Triangle test Three samples are presented simultaneously to the participants 
and they either report which sample is the odd sample or which 
two samples are equal 
Duo-trio test Participants receive a set of three samples simultaneously 
(whereby one sample is marked as reference) and they have to 
select this sample which they believe to be alike to the reference 
Paired comparison test Participants have to determine which of two samples differs in a 
sensory attribute (one-tailed or two-tailed) 
Ranking Participants receive samples with different intensities of a specif-
ic sensory attribute in random order and are asked to sort the 











- Product development 
- Change of ingredients 
- Product comparison 
within or between 
companies 
- Attribute selection 
before consumer test-
ing 
Conventional profiling A first phase reveals terms which describe the sensory profile of 
the sample (need for seeking a common language); within a se-
cond phase, the intensity of each attribute is evaluated on an 
intensity line scale 
Free-choice profiling Participants use their own vocabulary to describe the product (no 
need for seeking a common language) and rate each product 
according to its attribute intensity; product samples are served in 
a monadic way, so that participants judge attribute by attribute of 
one sample before receiving the next sample 
Flash profiling Combines individual panelist vocabulary development (as used in 









Untrained - Market research 
(product success or 
failure) 
- Product optimization 
Preference test 
 Paired preference 
 Ranking 
 
Participants are asked which of two samples is liked best 
Participants are asked to rank several samples either in ascending 
or descending order based on their liking 
Acceptance test 
 Nine-point hedonic 
scale 
 
 JAR scale 
 
Participants’ acceptance can be displayed on a continuum from 
like to dislike (intervals between the nine categories are perceived 
as approximately equal) 
Measures participants’ liking and reaction to a specific attribute 
using three- to seven-point scales with the end anchors “too 
much” and “too little”, and the center point “just-about-right” 
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2.4 Conceptual framework of this review 
Fig. 1 shows the conceptual framework of this review. The core of this figure shows 
that either intrinsic or extrinsic product attributes, or their interaction, have an impact on con-
sumers’ responses to available foods. The dependencies between intrinsic and/or extrinsic 
product attributes and various kinds of consumer responses are measured using consumer and 
sensory research methods. 
 
 
Fig. 1. Conceptual framework of the influence of extrinsic and intrinsic product attributes on 
product evaluation. 
 
3 Identification and overview of relevant literature 
3.1 Search process 
Studies included in this review were initially obtained from the interdisciplinary elec-
tronic database Web of Science. The search was not limited to any publication date. The 
search string covered four main aspects: (1) dependent variables like food choice, food prefer-
ence, food acceptance, food liking, or food wanting (or related terms that describe consumer 
responses to food); (2) influencing product attributes like extrinsic, price, brand, packaging, 
label, information, intrinsic, sensory, taste, smell, flavor, sound, texture, appearance, fat, 
sugar, salt, fiber, protein, carbohydrates; (3) content- and methodological-related exclusion 
criteria like children, infants, animal, review, or overview; and (4) the consumer as main actor 
. The search identified 331 articles. These articles were screened using a priori defined inclu-
sion and exclusion criteria. Any study that empirically examines food decision making pro-
cesses based on intrinsic and/or extrinsic product attributes fell within the scope of the inclu-
sion criteria. In line with the research objective of this review to synthesize research methods 
and food product attributes examined in primary studies, overviews or reviews were excluded. 
All studies on animals, children, and infants were excluded (although the keyword combina-
tion contained these exclusion criteria, a number of corresponding hits had to be dropped), 
because this review focuses on the behavior of adult human consumers. Furthermore, exclud-
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ed studies typically dealt with attention, perception, understanding, or awareness as dependent 
variables, examined sales or scanner data to measure consumer behavior, examined only iso-
lated sensory attributes (e.g., freshness, sweetness), or examined attitudes towards a food type 
(e.g., organic or functional food) without manipulating intrinsic or extrinsic product attributes. 
The search was limited to journal articles that were published in English because all necessary 
information needs to be understood for content analysis. However, an article did not have to 
be published in peer-reviewed journals. After applying inclusion and exclusion criteria during 
title-, abstract-, and full-text assessment, 128 articles remained. Subsequently, an extensive 
forward and backward search within citations and references provided 1,143 matches. The 
retrieved articles underwent the same selection process as the initial studies. The final sample 
contained 602 articles
6




Fig. 2. Flowchart of the literature search. 
 
3.2 Overview of included studies 
Both consumer and sensory research are relatively young disciplines as originally 
there was little interest in consumer research in food (Grunert 2015). Recently, the research 
on extrinsic and intrinsic food product attributes has gained acceptance in consumer research, 
which is evidenced by a series of food-related studies in the top marketing journals (Chandon 
and Wansink 2007; Burton et al. 2009; Deng and Srinivasan 2013). Since the early 1990s, the 
number of published papers on extrinsic and intrinsic product cues has taken a great leap for-
ward (Fig. 3), with 53 publications on average in the last five years. The 602 publications 
                                                 
6
 The complete list of included articles is available on request. 
C.2 – Extrinsic and intrinsic food product attributes in consumer and sensory research 
88 
were published in 138 different journals from marketing and consumer research (e.g., Journal 
of Marketing Research, Shah et al. 2014), nutritional science (e.g., Journal of Nutrition Edu-
cation and Behavior, Vermeer et al. 2010), agribusiness (e.g., Agribusiness, Moro et al. 2015), 
business research (e.g., Journal of Business Research, Louviere and Islam 2008), sensory sci-
ence (e.g., Journal of Sensory Studies, Kobayashi and Benassi 2015), and from various other 




Fig. 3. Number of publications per year (n = 602). 
 
Sample sizes in the present studies ranged from 10 to 11,322 participants per article 
with a median of 163 participants. In sensory research (e.g., profiling, triangle test) as well as 
in qualitative consumer research (e.g., face-to-face interview, focus group discussion), sample 
sizes are quite small as these methods often serve as pretests or to gain additional information 
about consumer attitudes and thoughts. 
Considering the studies’ geographic foci, research on food decision making is domi-
nated by European- and North American-centric research. This might be due to the fact that 
compared to other countries, the United States and European countries hold a longer tradition 
in competitive marketplaces, and the progressively consumer-driven food sector fosters re-
search in sensory and consumer food science (Linnemann et al. 2006). This disposition poten-
tially explains the dominance of 311 studies with European samples and 166 studies in North 
America (151 in the USA). In Europe, most of the studies were conducted in Spain (43), the 
Netherlands (31), UK (31), Italy (29), Finland (26), and Germany (20). Contrastingly, Aus-
tralia’s agriculture and food industry has undergone a period of rapid change over the last few 
years (Delforce et al. 2005), and a total of 40 studies explicitly analyze Australian samples 
(e.g., Mueller et al. 2010; Morley et al. 2013; Van Doorn et al. 2015). Since 2004, scholars 
have been examining developing countries in Asia, such as China (e.g., De Steur et al. 2012), 
Thailand (e.g., Silayoi and Speece 2007), and Lebanon (Haddad et al. 2007). Research on 
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food decision making in South America started to appear in 2005. African countries are al-
most completely neglected in consumers’ food decision making research so far, since other 
topics, such as unstable and unpredictable food prices, or affordability of staple foods, have 
been shown to be more relevant (Chapoto and Jayne 2009). From the 38 studies that adopt a 
cross-country perspective (i.e., the study was conducted with at least two samples from differ-
ent countries), only 13 adopt a cross-continental perspective with at least two samples from 
countries of different continents (e.g., Asia and Europe: Tu et al. 2010; North America and 
Asia: Chung et al. 2012). 
 
4 Discussion of the state-of-the-art 
4.1 Content-based assessment 
4.1.1 Extrinsic product attributes 
The extrinsic product attributes were classified into brand, claims, product infor-
mation, labels, packaging, and price (Fig. 7). Labels are studied the most often (353 studies), 
with the strongest increase among the extrinsic attributes since 2007. Different front-of-pack 
labeling systems have been developed by industry and organizations to promote health and 
dietary quality (Hodgkins et al. 2015). They aim at signaling key nutrients, for instance re-
duced fat (Norton et al. 2013), sugar (Miklavec et al. 2015), or salt content (Burton et al. 
2009), reduced calories (Burton et al. 2009), or daily nutrient intake (guideline daily amounts: 
Hamlin et al. 2015; nutrition facts panel: Howlett et al. 2008). Research revealed that con-
sumers struggle to use common labels and that these labels do not achieve government policy 
goals of facilitating healthy choices and lowering health risks (Maubach et al. 2014). There-
fore, recent studies enhanced research on new types of labels and their influence on consumer 
choice behavior or product perception compared to common labels. For instance, the "multi-
ple traffic light label" is designed in red (green) to signal unfavorable (favorable) nutrient lev-
els with the aim of helping consumers to select more healthy food options (Koenigstorfer et 
al. 2014). Other labels provide a holistic rating for the entire product rather than for a single 
nutrient. In 2006, the “healthy choice logo” was launched in the Netherlands as a result of the 
effort of government and industry to guide consumers towards healthier food choices (Liem et 
al. 2012). The “Nordic Keyhole” is a label certified for healthy food alternatives (e.g., moder-
ate amounts of sugar, salt, and fat, while being high in fiber) by the Swedish National Food 
Administration (Thunstrom and Nordstrom 2015). The development of the “Health Star Rat-
ing system” was funded by the Australian government in collaboration with industry, public 
health, and consumer organizations in 2014 (Maubach et al. 2014). It aims at providing an 
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easy way for consumers to choose foods that contain more positive nutrients and less risky 
nutrients. Other labels were designed to inform consumers that the company conforms to cer-
tain standards (e.g., organic label: van Doorn and Verhoef 2011; fair trade: Poelman et al. 
2008; corporate social responsibility: De Magistris et al. 2015; animal welfare: de Jonge et al. 
2015). Consumers also make inferences about the quality of a product, e.g., by using an origin 
label as a risk-reduction strategy (Chamorro et al. 2015). 
183 studies of the dataset analyzed the influence of price on food decision making 
(Fig. 7; e.g., Grunert et al. 2009; Hellyer et al. 2012). Price appears as a relevant cue when 
consumers do not have adequate information about intrinsic quality cues (Acebrón and 
Dopico 2000). 
183 studies paid attention to product information that is either provided verbally to 
consumers, or is part of the food packaging (but not necessarily included in a label) (Fig. 7). 
For instance, 82 studies examined how information about organic versus conventional pro-
duction methods of food affect consumers’ food acceptability (e.g., Laureati et al. 2013; 
Barbieri et al. 2015). Kaye-Blake et al. (2005), for instance, discussed consumers’ reactions to 
information about genetically modified food. 77 studies delivered insights about how food 
evaluation or willingness-to-pay is affected by the knowledge of food ingredients, for instance 
fiber or antioxidants, that are often discussed as functional food ingredients (e.g., Ares et al. 
2009; Ginon et al. 2009). Further studies examined which information on portion size is most 
promising in helping consumers to select appropriate food amounts (Vermeer et al. 2010; Just 
and Wansink 2014). Claret et al. (2012) investigated how information about storage condi-
tions influences the decision making process around sea fish. Hersleth et al. (2011) evaluated 
effects of information about reduced salt content, prolonged aging time, and origin on the 
acceptance of dry-cured ham within a Norwegian consumer sample. 
132 studies explored the impact of claims on consumer food choices (Fig. 7). Among 
these studies, common claims are health claims (e.g., Kozup et al. 2003; Wagner et al. 2015), 
nutrition claims (e.g., Gracia et al. 2009; Czarnacka-Szymani and Jezewska-Zychowicz 
2015), and risk reduction claims (e.g., Hoefkens and Verbeke 2013; Coleman et al. 2014). 
The nutrition and health claims regulation was implemented to harmonize the rules of making 
nutrition and health claims across Europe (European Commission 2006; Gilsenan 2011). Nu-
trition claims highlight beneficial nutritional properties regarding energy or nutrients. Health 
claims are used for foods that improve the state of health and well-being. Risk reduction 
claims promise a significant reduction of a risk factor in the development of human diseases, 
provided that substantial scientific evidence is available (European Commission 2006). 
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The effect of product brand was analyzed in 68 studies (Fig. 7). Previous research 
has indicated that brand names guarantee homogeneity, identity, and quality in the decision 
making process (Acebrón and Dopico 2000). For instance, Di Monaco et al. (2004) evaluated 
consumer expectations and overall liking of pasta generated by the brand name. In an experi-
ment of Mueller and Szolnoki (2010), participants rated hedonic liking and purchase intention 
of different brands of white wine. 
54 studies focused on packaging attributes (shape, symbols, colors, messages), which 
have emerged as an important communication tool at the point of sale, similar to other mar-
keting communication elements (Nancarrow et al. 1998; Rettie and Brewer 2000) (Fig. 7). 
Silayoi and Speece (2007), for instance, varied five attributes of the packaging of a conven-
ience food. More recent research assessed consumer liking and purchase intention of olive 
oils based on bottle type, cap type, and notes on the label (Delgado et al. 2013). Kobayashi 
and Benassi (2015) analyzed the impact of packaging characteristics on purchase intention of 
instant coffee in refill packs and glass jars. 
Concerning the joint analysis of extrinsic attributes, the findings show that price to-
gether with label was most often examined (Table 3, e.g., Costanigro et al. 2014), followed by 
product information and label (e.g., Ridley et al. 2015), and price and product information 
(e.g., Claret et al. 2012). Combinations of the other extrinsic attributes received comparatively 
less attention in food research (Table 3). 
 
Tab. 3. Number of studies analyzing the combination of two extrinsic attributes. 
 Brand Claims 
Product 
information Labels Packaging Price 
Brand - 23 28 47 10 30 
Claims  - 43 59 8 53 
Product infor-
mation 
  - 105 12 98 
Labels    - 9 139 
Packaging     - 15 
Price      - 
Note. The sum exceeds the number of 602 studies due to multiple coding (one study may have 
analyzed more than one extrinsic attribute) 
 
4.1.2 Intrinsic product attributes 
The intrinsic product attributes were differentiated into appearance, smell, taste, and 
texture. As flavor can be regarded as a complex combination of olfactory and gustatory sensa-
tions perceived during tasting (ISO 2008), studies dealing with flavor were assigned to both 
smell and taste. 314 studies deal with taste and have received the greatest research interest 
among the intrinsic attributes. The proportion of studies dealing with food appearance, tex-
ture, and smell is relatively small (Fig. 7). No study was found that dealt with the sound of 
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food to influence food decisions. Table 4 shows how often the combination of two intrinsic 
attributes was analyzed. Most studies investigated appearance and taste (e.g., Di Monaco et 
al. 2003; Hobbs et al. 2014), followed by studies that measured consumer acceptance based 
on taste and texture of the food (e.g., Isleten and Karagul-Yuceer 2006; Bakke and Vickers 
2011). Taste and smell, smell and appearance, and smell and texture have been neglected in 
research so far. 
 
Tab. 4. Number of studies analyzing the combination of two intrinsic attributes. 
 
Appearance Smell Taste Texture 
Appearance - 6 42 18 
Smell  - 14 5 
Taste   - 31 
Texture    - 
 
4.1.3 Joint analysis of intrinsic and extrinsic product attributes 
The analysis reveals that 192 studies investigated both intrinsic and extrinsic product 
attributes. The most frequently observed combination of intrinsic and extrinsic product attrib-
utes is taste and label (96 studies). As a typical example for this group of articles, Hoppert et 
al. (2012) integrated intrinsic and extrinsic attributes of vanilla yoghurt in an adaptive con-
joint analysis by simultaneously varying fat content, sugar content, and flavor intensity. 
Tarancon et al. (2014) analyzed how facts about fat source and fat content on biscuit labels 
affect perceived healthiness and overall liking of the tasted product. Taste was also often ana-
lyzed together with product information (63 studies). For instance, in the study of Vazquez et 
al. (2009) participants were provided with information about salt and fiber content of biscuits 
and had to evaluate overall liking after tasting. A relatively large number of studies examined 
taste and price (49 studies), taste and claims (36 studies), taste and brand (34 studies), and 
taste and packaging (23 studies). Surprisingly, only a few studies were found that investigate 
product appearance together with extrinsic attributes (price: 20; product information: 15; 
label: 10; claims: 4; packaging: 4; brand: 3). Similarly, few studies combined texture with 
extrinsic attributes (3 - 8 studies). Finally, the number of studies that simultaneously analyzed 
the impact of smell and extrinsic attributes was very small (0 - 2 studies). 
 
4.1.4 Measurement of consumer responses 
The distribution of the dependent variables shows that consumer responses are most 
often conceptualized in terms of food liking (39%), followed by food choice (30%), purchase 
intention (17%), and willingness-to-pay (13%). Food appropriateness and food rejection are 
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rarely used for food product evaluations (each only 1%). 485 studies focused on a single de-
pendent variable, and only 117 studies referred to several dependent variables. 
 
4.1.5 Food categories 
Regarding the type of food, the analysis reveals a wide range of foods that were 
grouped into nine food categories (Fig. 4). Furthermore, the categories “menu” and “differ-
ent” were added in cases where a dish or different types of food were analyzed in one study. 
Bakery products were investigated in terms of bread (Rodbotten et al. 2015), biscuits 
(Tarancon et al. 2014), or cookies (Cavanagh et al. 2014). Almost one-fifth of the studies ma-
nipulated extrinsic or intrinsic attributes of alcoholic (e.g., Saenz-Navajas et al. 2013; Chaya 
et al. 2015) and non-alcoholic beverages (e.g., Li et al. 2014b; Kobayashi and Benassi 2015). 
A few other studies analyzed cereals/grain products (e.g., Khouryieh and Aramouni 2013), 
and dairy (e.g., Cliff et al. 2013; Chrysochou and Grunert 2014). Since 2000, a growing inter-
est can be observed in the investigation of menus, like soups (e.g., Bolhuis et al. 2012) or fast 
food (e.g., Harnack et al. 2008). Aschemann-Witzel and Hamm (2010) investigated different 
products (yoghurt, breakfast cereals, and pasta) within one study and showed that products 
with a nutrition or health claim are preferred over products without claims. Only a few studies 




Fig. 4. Food categories analyzed in the present sample (n = 602). 
 
4.2 Methodological assessment 
4.2.1 Research methods and their interaction 
The studies of the present dataset include all of the aforementioned research meth-
ods, except the IAT (Table 5). This might be explained by the fact that an IAT measures un-
derlying affects and attitudes towards food, but not the final decision for or against a food 
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(which is the focus of the present article). 286 studies used only methods of consumer re-
search and 166 studies used only sensory methods. 150 studies applied both consumer and 
sensory research methods. Most studies assessed consumers’ food choice or liking using ac-
ceptance tests, followed by surveys and questionnaires (Table 5). About one quarter of the 
studies applied a choice task and 13% conducted conjoint analysis or profiling, respectively. 
All other methods seem to be underrepresented in consumer and sensory research, at least 
concerning the present sample. 
 
Tab. 5. Methods of data collection used in studies of consumer food decision making 
(n = 602). 
Method of data collection Frequency of use n % of total studies 
Sensory research methods 
Triangle test / Duo-trio test 





Self- and external assessment methods 
Observation 
Face-to-face interview 
Focus group discussion 
Word association / completion techniques 
Surveys and questionnaires 
Methods based on human behavior 
Implicit associative test (IAT) 
Eye tracking 












































Note. The sum exceeds the number of 602 studies due to multiple coding (one study may apply more 
than one research method) 
 
Multiple coding was possible when one study applied more than one research meth-
od. The most frequent combination within the sensory research methods is profiling and ac-
ceptance test (68 studies). For instance, Hernandez-Carrion et al. (2015) recently applied a 
flash profile first to generate a list of attributes that are appropriate for discriminating between 
milkshakes. Subsequently, consumers scored their degrees of overall liking and liking of sen-
sory attributes. In all other cases, sensory methods were rarely (15 of 21 possible combina-
tions with only 1 - 7 studies) or never (4 of the 21 possible combinations) applied within one 
study. 
Within the consumer research methods, surveys/questionnaires were mostly com-
bined with choice tasks (57 studies, e.g., Scott et al. 2008), followed by conjoint analyses (31 
studies, e.g., Silayoi and Speece 2007) and auctions (12 studies, e.g., Thunstrom and 
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Nordstrom 2015). Focus group discussions as qualitative method were used in 18 studies be-
fore a survey was carried out (e.g., Coleman et al. 2014), and in 14 studies before a conjoint 
analysis was carried out (e.g., Chung et al. 2011). 11 studies combined eye tracking with 
choice tasks (e.g., Milosavljevic et al. 2012). 22 of the 45 possible combinations were only 
rarely combined (1 - 8 studies) and 17 of the 45 possible combinations have been neglected so 
far. 
220 studies jointly used consumer and sensory research methods to examine con-
sumers’ food decision making. Fig. 5 illustrates that the most frequent combination of con-
sumer and sensory research methods was acceptance test and surveys/questionnaire (93 stud-
ies). 18 studies jointly used profiling techniques and surveys/questionnaires. The dominance 
of the use of surveys/questionnaires in combination with other methods might be explained by 
the fact that surveys/questionnaires help to gather additional information about attitudes of the 
consumer and socio-demographic data (e.g., Lawless et al. 2013). Acceptance tests were joint-
ly applied with conjoint analysis in 18 studies, and in 13 studies with choice tasks. Ac-
ceptance tests measure liking, but in marketing practice liking is not enough to determine 
whether the consumers translate their liking into real choice behavior. Therefore, choice tasks 
and conjoint analyses are used as additional tools to make empirical studies on food choice as 
realistic as possible (e.g., Roosen et al. 2007; Lusk and Parker 2009). In 17 studies, focus 
group discussions were used in preparation for a main study in which acceptance tests were 
finally conducted to measure food liking (e.g., Endrizzi et al. 2015). 
 
 
Fig. 5. Number of studies per sensory research method (x-axis) combined with consumer re-
search methods (y-axis), n = 220; O… Observation; FF… Face-to-face interview; FG… Fo-
cus groups; WT… Word association, completion techniques; SQ… Surveys/questionnaire; 
CA… Conjoint analysis; E… Eye tracking, CT… Choice task; A… Auction; TD… Triangle 
test / Duo-trio test; PC… Paired comparison test; R… Ranking; P… Profiling; PT… Prefer-
ence test; AT… Acceptance test. 
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4.2.2 Timeline of consumer and sensory research methods 
Considering the development of research methods over time, Fig. 6 shows that the 
use of consumer methods and sensory methods, as well as their combination, was relatively 
low between the early 1990s and the turn of the millennium (which correlates with the find-
ings of the development of studies in general, see section 3.2). A steady increase of general 
method use since 2002 is noticeable. Since 2004, the number of studies on food decision mak-
ing research has been dominated by the use of consumer research methods, with currently 
more than 30 studies per year. Fig. 6 also demonstrates that research in food decision making 




Fig. 6. Number of studies using methods of consumer research, sensory research, or both. 
 
4.2.3 Study locations 
The use of research methods is based on the assumption that the results have external 
validity and help in marketing. In contrast to this assumption, prior research showed that re-
sults of empirical studies are only valid for the investigated sample, for the particular product, 
and in a given context (Boutrolle et al. 2007). Thus, the results of food evaluation studies de-
pend on the testing conditions. The most popular method to test food is the central location 
test. It usually takes place in a standardized laboratory under controlled conditions (e.g., sen-
sory laboratory, university, market research institute). In contrast to the artificial conditions of 
central location tests, in home-use tests consumers take the product home for common daily 
use (Lawless and Heymann 2010). It is assumed that home-use tests yield more realistic data, 
but may cause the problem of uncontrolled conditions (i.e., researcher do not know who really 
rated the product and under what circumstances). Field experiments, conducted in supermar-
kets, cafeterias, or shopping centers, are explored in a real setting to collect data about which 
groups of consumers are most responsive to targeted products, or how a product performs 
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relative to competitive products (Lambrecht and Tucker 2015). With the increasing ubiquity 
of the internet, web experiments have emerged as a further approach to conduct behavioral 
experiments (Germine et al. 2012). In the present sample, 388 central location tests, 34 home-
use tests, 141 field experiments, and 69 web experiments were identified. In 11 studies, both a 
central location test and a home-use test were conducted (e.g., van Doorn and Verhoef 2011); 
in 12 studies, a central location test and a field experiment (e.g., Shah et al. 2014); in 3 stud-
ies, a central location test and a web experiment (e.g., Coleman et al. 2014); in 3 studies, a 
home-use test and a field experiment (e.g., Kozup et al. 2003); and in 2 studies, a web exper-
iment and a field experiment (e.g., Burton et al. 2009). 
 
4.3 Integrative consideration of attributes and methods 
Derived from a variety of intrinsic and extrinsic product attributes, the bubble charts 
in Fig. 7 disclose numerous combinations with research methods. In the following, some 
combinations are described for illustrative purposes. 
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Fig. 7. Number of articles per intrinsic and extrinsic product attribute combined with research 
methods. The numbers in the bar charts and in the bubble charts may add up to more than n = 
602 because one study may have analyzed more than one product attribute or applied more 
than one research method; O… Observation; FF… Face-to-face interview; FG… Focus 
groups; WT… Word association, completion techniques; SQ… Surveys/questionnaire; CA… 
Conjoint analysis; E… Eye tracking, CT… Choice task; A… Auction; TD… Triangle test / 
Duo-trio test; PC… Paired comparison test; R… Ranking; P… Profiling; PT… Preference 
test; AT… Acceptance test. 
 
In the majority of studies dealing with food appearance, acceptance tests were con-
ducted. For instance, in the study of Leksrisompong et al. (2012), consumers had to rate their 
overall liking of sweet potatoes with varying flesh color (orange, purple, yellow). Only one 
study investigated the effect of food appearance on food decision using eye tracking technol-
ogy (Jantathai et al. 2014). Smell received far less attention in prior research with a maximum 
of 14 studies using acceptance tests (e.g., Koskinen et al. 2003; Bazala et al. 2015). Taste has 
been examined within a wide range of different consumer and sensory research methods with 
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a strong focus on acceptance tests (e.g., Kähkönen et al. 1999; Altisent et al. 2013) and sur-
veys/questionnaires (e.g., Becker et al. 2011; Rossi et al. 2015). Recently, Biguzzi et al. 
(2015) explored the effect of fat- or sugar-reduced biscuits on food liking. In the study of 
Baixauli et al. (2008), consumers completed a questionnaire related to food, nutrition, and 
purchase intention of fiber-enriched muffins. Somewhat surprising is the combination of the 
fMRI technology and taste in the study of Enax et al. (2015). They investigated neural and 
behavioral processes underlying the influence of a fair trade label with a subsequent tasting of 
chocolates, presented either with or without a fair trade label. Even more common is taste 
evaluation using profiling techniques prior to a large consumer survey (e.g., Czarnacka-
Szymani and Jezewska-Zychowicz 2015; Rodbotten et al. 2015). Texture was measured in 
terms of firmness as an indicator for the level of ripeness of fruits and vegetables using con-
joint analysis (e.g., Gamble et al. 2010), thickness in dairy products and hardness in meat 
products using acceptance tests (e.g., Li et al. 2015; Cilla et al. 2005), or crunchiness in bak-
ery products using free choice profiling (e.g., Tarancón et al. 2013). Notably, taste is the only 
intrinsic product attribute that was analyzed across all sensory methods. 
The majority of studies dealing with product brand were either conducted using ac-
ceptance tests (e.g., Varela et al. 2010; Kim et al. 2013) or surveys/questionnaires (e.g., 
Pohjanheimo and Sandell 2009; Mueller and Szolnoki 2010). The same can be observed for 
claims with an additional focus on choice tasks. For instance, Naylor et al. (2009) demonstrat-
ed how conflicting (versus complementary) information about the validity of a health claim 
influences the likelihood of choosing a functional over a nonfunctional food. There are sever-
al studies that investigated product information using acceptance tests (e.g., Kihlberg et al. 
2005), choice tasks (e.g., Brooks and Lusk 2010), and conjoint analyses (e.g., Morales et al. 
2013). In contrast, only a few studies used ranking and fMRI technology. For instance, Lusk 
et al. (2015) measured brain activation while consumers made choices between two milk op-
tions varying in price and technology. Research on food labeling is clearly dominated by the 
use of surveys/questionnaires and choice tasks. Moreover, food labeling is the product attrib-
ute for which the most eye tracking studies have been conducted. In the study of Mawad et al. 
(2015), participants were asked to select their preferred yoghurt label while their eye move-
ment was recorded. Few studies analyzed food packaging using sensory research methods. 
Instead, food packaging is dominated by consumer research methods, particularly sur-
veys/questionnaires (e.g., Scott et al. 2008; Becker et al. 2011) and conjoint analyses (e.g., 
Quester and Smart 1998; Silayoi and Speece 2007). Price levels of food play a major role in 
consumers’ food decisions, which is reflected by the inclusion of price as a crucial attribute in 
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many studies using different research methods. Prices were most frequently included in sur-
veys/questionnaires, choice tasks, and conjoint analyses, in which consumers react to price 
levels that are preset by the researcher. In experimental auctions, participants disclose their 
willingness-to-pay according to the true value of their preferences (e.g., Thunstrom and 
Nordstrom 2015; Bruschi et al. 2015). Price and food labeling are the only two extrinsic prod-
uct attributes that received attention across all consumer research methods. However, a few 
studies that focused on the sensory evaluation of a food also included the price into their re-
search design. 
 
5 Critical appraisal of the state-of-the-art and identification of re-
search gaps 
Knowledge about product characteristics which have the potential to influence con-
sumer purchase behavior is important when developing food products and designing market-
ing strategies. Both sensory and non-sensory product attributes could have a major influence 
on consumers’ choice or rejection. The next section highlights and discusses some research 
gaps and challenges of interdisciplinary research on food decision making. 
 
Participants of the study 
Consumer and sensory research traditionally employ different test panels, either 
(semi-)trained panels or untrained panels. The participants receive different tasks based on 
what is most efficient to solve a problem (Meiselman 2013). Previous research has already 
started to rethink this strict separation (Chollet et al. 2005; Worch et al. 2010), but clearly 
state that it always depends on the research aim. Future research should scrutinize their re-
search aims and carefully select an appropriate test panel. Conducting research with a trained 
panel may be useful, for instance for the development of sensory attributes. However, using 
these attributes in consumer studies with untrained participants may cause confusion and un-
certainty in food evaluation. 
 
Product attributes 
As can be seen in Fig. 7, the proportion of studies dealing with food appearance, tex-
ture, and smell as intrinsic product attributes is relatively small. No study was found that deals 
with the sound of a food and its effect on food choices. A recent review of Zampini and 
Spence (2010) showed that auditory stimuli (either food-related or nonrelated, such as back-
ground music) can have a dramatic effect on food perception. However, the important role of 
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auditory cues in food decision making is thus far underrepresented in food research. Concern-
ing extrinsic attributes, research on packaging, including the full range of possible features, 
has been neglected so far. As a consequence, combinations like packaging and label, or pack-
aging and claim received comparatively less attention in prior research. Almost one-third of 
the studies (192 of 602) comprise intrinsic and extrinsic attributes. This finding is consistent 
with previous studies (e.g., Hoppert et al. 2012; Akdeniz et al. 2013; Mai et al. 2016) which 
observed that a large share of the research focused on isolated effects, whereas only a small 
proportion of studies used a holistic approach to examine intrinsic and extrinsic product at-
tributes simultaneously. In addition, some combinations of product attributes and research 
methods show a concentration of studies, whereas other combinations have been neglected so 
far (Fig. 7). On the one hand, more emphasis should be laid on research that focuses on more 
integrative approaches to describe real food choices. On the other hand, not every combina-
tion of attribute and method seems worth investigating. This needs to be checked against the 
demands of the practice. 
 
Measurement of consumer responses 
The findings of the present article show that 485 studies focused on a single depend-
ent variable. 39% of the studies asked participants for their liking, and only 17% of the studies 
included purchase intention. As the liking or preference of a food is influenced by environ-
mental factors (Scheibehenne et al. 2014; García-Segovia et al. 2015) and learning processes 
(Hermans et al. 2005; Morgan et al. 2014), one cannot conclude from food liking that con-
sumers automatically translate their liking into purchase intention or behavior. With respect to 
this intention-behavior gap, future studies should be careful in drawing the right conclusions 
from research and transferring scientific results into practice. This could be achieved by 
measuring dependent variables at different stages of the decision making process (liking and 
purchase intention, preference and willingness-to-pay). In addition, it is largely difficult to 
harmonize dependent variables and their use across disciplines (same terms have different 
definitions, or different terms mean the same). For instance, various food liking and food 
wanting tests have been conducted, but it has proven to be very difficult to measure wanting 
separate from liking (Havermans 2011). Thus, the complexity of food research has led to iso-
lated approaches in consumer and sensory science. This will require the development of 
common definitions across disciplines in future studies.  
C.2 – Extrinsic and intrinsic food product attributes in consumer and sensory research 
102 
Food categories 
The present article shows that only a few studies analyzed the choice of fish (1%), 
oils and fats (2%), or snacks and sweets (6%). Especially given the rising problems in public 
health, the analysis of specific food types (e.g., snacks and sweets), but also their correlation 
with physical activity (Lakerveld et al. 2014; Horodyska et al. 2015), should be intensified. 
10% of the studies investigated menus. Testing a meal consisting of different ingredients is 
more complicated than testing consumer acceptance for single ingredients (Olsen et al. 2012). 
Because out-of-home and convenience-oriented food choices will continue to increase, more 
attention needs to be paid to these issues. 
 
Consumer and sensory research methods 
Findings of the present article show that there is an imbalance between well-
represented and underrepresented methods in consumer and sensory research. While the ap-
plication of acceptance tests and surveys/questionnaires are well documented, other methods 
as well as their combination were rarely or never applied. From Table 5 and Figure 5, one 
might conclude that not enough attention has been paid to auctions in food decision making 
research so far, although this approach has several advantages over standard approaches (e.g., 
surveys and focus groups; Jaeger et al. 2004). Auctions are currently being used mostly in 
experimental economics to measure the real monetary value of goods. As many studies focus 
on consumers’ food liking and purchase intentions, their real willingness-to-pay is often dis-
regarded. Auctions put great emphasis on realism by using real goods, real money, and market 
discipline of consumers. 
The complex origins of food decision making processes in humans necessitate either 
new or combined research methods, or the simulation of situations (e.g., eye tracking studies) 
rather than merely on questionnaires and self-reports (Köster and Mojet 2006). Beneficial 
findings may result, for instance, from the combination of ranking tests with choice tasks or 
auctions. In hedonic ranking, participants rank several products based on their liking, but the 
researcher does not gain insights into whether the consumers would choose the product and 
what they are willing to pay for it. Moreover, the information obtained from preference tests 
does not say anything about the acceptance of the product because one product might be pre-
ferred over another even though both are disliked. For this reason, companies should not base 
their manufacturing and selling activities only on preference tests. Acceptance tests allow for 
the evaluation of only one product, whereas preference tests need at least one further product 
for comparison. However, preference tests could be combined, for instance, with conjoint 
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analyses in which consumers have to decide in favor of one product based on both sensory 
impression and extrinsic cues. For instance, Hoppert et al. (2012) integrated sensory assess-
ment of yoghurt (varying in fat content, sugar content, and flavor intensity) and product eval-
uation based on packaging information into an adaptive conjoint analysis. Finally, observa-
tions of actual choices in real purchase situations could replace methods based on just asking 
for liking, wanting, or purchase intention (Köster 2009). 
In the present sample, only 83 studies used qualitative methods (face-to-face inter-
view, focus group discussions, and word association/completion techniques) and combined 
them with quantitative ones. However, the challenge for researchers will remain finding ap-
propriate methods in the complexity of qualitative and quantitative tools to analyze consumer 
behavior (e.g., laboratory experiment vs. field experiment, with vs. without tasting). In sum, 
this article proposes the combination of several behavioral (e.g., choice experiment), sensory 
(e.g., ranking), neural (e.g., fMRI), and/or psychological (e.g., IAT) methods to enlighten the 
conceptualization of human food choice behavior. Especially in concrete industrial product 
development situations, it is crucial to have methods available that can be used to investigate 
both intrinsic and extrinsic attributes simultaneously. 
 
Origin of the studies 
The analysis reveals that 564 of 602 studies were conducted with samples of a single 
country. This finding is consistent with observations of previous researchers who criticize the 
limited geographical distribution of studies (Meiselman 2013). However, there are signs of a 
slow reorientation towards more multinational and cross-cultural food research, for instance 
in Europe, where a number of EU-funded projects have been performed (e.g., 
https://www.dedipac.eu/, https://cosus.nmbu.no/). This trend needs to be continued at least in 
the context of developing and testing global products. 
 
Study locations 
It is obvious from the present dataset that central location tests are most commonly 
used in consumer and sensory research, whereas the other approaches received less attention. 
To address real world issues, future studies need to find a better balance between laboratory 
research under artificial conditions and uncontrolled research (home-use tests, field experi-
ments). Researchers will also need to understand how to conduct effective internet research 
using web experiments due to an increased online shopping behavior. Moreover, different 
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approaches should not be applied comparatively to answer a research question, but instead to 
collect data at different stages of the study (e.g., pretest vs. main study). 
 
6 Conclusions and limitations 
The present article provides an overview of the extrinsic and intrinsic food product 
attributes in consumer and sensory research. 602 studies, published from 1964 to 2015 in 138 
academic journals, were analyzed. Over the last two decades, an increase in the number of 
publications can be observed, with the majority of studies being conducted as central location 
tests in Europe and North America. The analysis revealed a wide range of tested foods that 
were grouped into nine food categories, of which beverages, diary, and menus were investi-
gated most often. Responses of consumers were usually conceptualized in terms of food lik-
ing, food choice, purchase intention, and willingness-to-pay. Most studies assessed consum-
ers’ food evaluation using acceptance tests and surveys/questionnaires. The most frequent 
combination within the sensory research methods was profiling and acceptance test. Within 
the consumer research methods, surveys/questionnaires were most often combined with 
choice tasks. Consequently, the most frequently used combination of consumer and sensory 
research methods was acceptance test and surveys/questionnaires. 
Concerning the intrinsic product attributes, taste has received the greatest research 
interest so far and is often analyzed in combination with appearance. Taste has been examined 
with a strong focus on acceptance tests and surveys/questionnaires. Taste was the intrinsic 
product attribute that was analyzed using all sensory methods. Food labeling was the most 
often studied extrinsic product attribute, followed by price, with both being considered in 
combination with many other extrinsic attributes. Research on food labeling was clearly dom-
inated by the use of surveys/questionnaires and choice tasks. Price and food labeling were the 
only two extrinsic product attributes that received attention across all consumer research 
methods. The most frequently observed combination of intrinsic and extrinsic product attrib-
utes was taste and label. 
In sum, this review has presented detailed evidence of which product attributes influ-
ence consumers’ food decision making and which methods have widely been used for analyz-
ing human behavior in consumer and sensory research. In consumer research, researchers aim 
particularly at obtaining knowledge on which and how individuals use informational stimuli 
that are provided by packaging or advertising without physically modifying the product. In 
contrast to complex purchase decisions (e.g., buying a smart phone), food decision making is 
conducted repeatedly so that, once a particular food has been selected, sensory properties are 
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usually borne in mind and remembered in subsequent purchases. Sensory scientists mainly 
focus on analyzing the impact of food ingredients or processing parameters on intrinsic senso-
ry attributes which determine perceived quality (e.g., appearance, taste, smell, sound, texture). 
Although many studies have been found in both consumer and sensory literature, it was 
shown that many attributes, particularly the combination of extrinsic and intrinsic attributes, 
have not been researched sufficiently so far. With regard to Research Question 1, future stud-
ies are well advised to expand research on product attributes to derive further useful practical 
implications. 
The findings of this review pose further dilemmas for researchers because of the va-
riety of methods that can be used to explain consumers’ food decision making. With regard to 
Research Question 2, the research still suffers from a lack of interdisciplinarity and more at-
tention needs to be paid to using methods from both disciplines in future studies. Sensory sci-
entists, with their expertise in testing intrinsic attributes of food, are able to predict consumer 
preference and choice. However, to ensure the required external validity to achieve marketing 
objectives, sensory researchers will need to incorporate elements of the marketing context into 
their study designs. Thus, marketing and sensory approaches have to be linked to realize not 
only one-time, but repeated food purchases. 
The pooling of scientists’ knowledge about consumer attitudes towards both intrinsic 
and extrinsic product attributes and competencies on how to measure consumer behavior re-
mains an obstacle for further research that has to be overcome. Neither consumer nor sensory 
science needs to be changed, since they are well established disciplines and have developed 
an important pool of methods. Instead, with regard to Research Question 3, this review calls 
for ways to timely strengthen the link between consumer and sensory science. From a purely 
scientific perspective, researchers have to consider both marketing and sensory aspects when 
studying consumers’ food decision making. From the perspective of a practitioner, it is highly 
relevant that new product development be based on the cooperation between consumer and 
sensory science as products are potentially more likely to meet consumers’ needs and lead to 
improved satisfaction. This allows the food industry to avoid many unnecessary product fail-
ures. 
While the present article has provided useful insights into the state of the art of the 
research in consumers’ food decision making, there are limitations that have to be mentioned. 
The selection process of the studies caused the exclusion of certain publication types. As stat-
ed in section 3.1, this review aims to analyze research activities based on primary experi-
mental studies. Therefore, literature was included selectively by focusing on journal articles. 
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It is conceivable that research is also published in working papers or conference proceedings 
that were excluded. Considering the need to understand study content correctly for the coding 
procedure of this review, only studies that were published in English were included. However, 
studies did not have to be published in peer-reviewed journals, as it would narrow the scope 
of studies. An extensive forward-backward search was conducted and studies were screened 
using a priori defined inclusion and exclusion criteria. Therefore, it is assumed that the study 
sample is representative with respect to the research efforts in consumer and sensory science. 
This article does not claim completeness, but intends to provide an overview of existing 
knowledge and to deduce implications for further research in food decision making. However, 
since the article does not provide any information about the explanatory power of the results 
of the primary studies, it remains unclear whether the limited attention given some attributes, 
methods, or their combination is due to the fact that they are simply not as interesting. Re-
search and corporate practice are invited to propose new methods of investigating consumer 
food choices, assuming it is practically relevant.  
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E.1 – Light and pale colors in food packaging: When does this package cue 
signal superior healthiness or inferior tastiness? 
 
Abstract 
In food packaging, light and pale colors are often used to highlight product healthiness. What 
has been largely overlooked is that this seemingly positive health cue may also convey anoth-
er crucial piece of information. It is this paper’s premise that light-colored packages evoke 
two opposing effects: they stimulate favorable health impressions (health effect) and they 
activate detrimental taste inferences (taste effect) which jointly guide the purchase decision. 
To contribute to a better understanding of when this package cue is an asset or a liability, this 
research elucidates the boundary conditions under which the opposing effects operate. The 
unfavorable color-induced taste effect should be particularly dominant when (i) consumers 
have a strong need to make heuristic taste inferences (i.e., when tasting is not possible) and 
(ii) when health is not the overarching goal (e.g., for less health-conscious consumers). A se-
ries of experiments manipulating actual food packages confirms that the package health cue 
can indeed trigger negative taste associations in the consumer’s mind that backfire. Marketers 




Packaging, Color, Experiment, Food Decision Making, Health Consciousness, Unhealthy = 
Tasty Intuition  
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1 Introduction 
With the steady rise of diet-related diseases (Ng et al. 2014) and the growing empha-
sis on healthy nutrition, health-concerned consumers have become a sought-after market seg-
ment (Prasad, Strijnev, and Zhang 2008; Trivedi, Sridhar, and Kumar 2016). To highlight the 
healthiness of their products, marketers can use a variety of package elements (e.g., labeling, 
brand names), but also more subtle cues, such as package shape (Folkes and Matta 2004; 
Wansink and Van Ittersum 2003), size (Argo and White 2012; Scott et al. 2008), or images 
placed on the package (Deng and Kahn 2009; Madzharov and Block 2010). Particularly visual 
design elements seem to be effective tools to convey symbolic meaning in a subtle manner. 
One such trend that has emerged is to use package color strategically. As colors differ in their 
associated weight (Karnal et al. 2016; Pinkerton and Humphrey 1974), lighter tones may sig-
nal that a product is less heavy (less fatty or sugar-laden) and, thus, healthier. Possibly with 
such associations in mind, some companies use pale packages to promote healthier options 
(e.g., diet products). Intuitively, this seems a reasonable strategy because color is known to 
shape consumer judgment (Labrecque, Patrick, and Milne 2013). This research posits that 
light-colored packaging is not always an asset because, ironically, this supposedly positive 
health cue may spark doubts about other valued product characteristics. 
This paradoxical package color effect builds on recent research showing that humans 
hold diverse (and sometimes opposing) lay theories about certain market phenomena (Deval 
et al. 2013). It is for this reason that consumers may draw different and even contradicting 
conclusions about the very same visual package cue. While aiming for healthiness percep-
tions, companies may unwillingly transport a different crucial piece of information. Food 
shoppers might link colors to sensory characteristics, so that pale packages trigger less favor-
able taste associations (less intense taste or flavor). In consideration of the dominant role of 
tastiness in food decision making (Raghunathan, Naylor, and Hoyer 2006), such intuitive taste 
impressions potentially undermine the effectiveness of the package health cue (and thus 
sales). This challenges conventional wisdom and raises the seemingly simple question of 
whether light-colored packaging helps or hurts.  
The paper’s framework outlined in Figure 1 suggests that the color intensity effects 
are not unidirectional. The package cue is expected to generate both positive health impres-
sions and negative taste impressions. From a retailing perspective, it is particularly important 
to understand when the taste inferences counteract superior health expectations. We expect 
that circumstances exist in which light tones indicate health (“health effect”), but signal a loss 
in taste (“taste effect”) under other conditions. From a theoretical perspective, this research 
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provides new insights into the moderating mechanisms that strengthen (and weaken) the two 
opposing color effects. The paper suggests that consumers differentially rely on color intensi-
ty of food packages, depending on (i) the need to make heuristic inferences about taste (i.e., 
accessibility of sensory properties) and (ii) the pursuit of a health goal at the time of judgment 
(i.e., health consciousness). First, light-colored packages should be particularly likely to 
evoke the detrimental taste effect when consumers are unable to assess (“taste”) the food’s 
sensory properties directly, such as in typical in-store purchase decisions. To fill in this gap in 
their knowledge, food shoppers have to refer to package color as a visual taste cue. By con-
trast, when having already tasted the actual product, consumers have a much weaker need to 
rely on (over-)simplifying heuristics about inferior tastiness. Secondly, the shopper’s goal 
may further moderate the color effects. As consumers pursue different goals when shopping 
for food (indulgence vs. health goals), health-conscious consumers are expected to rely on the 
package health cue differently than their less health-conscious counterparts. 
 
Fig. 1. Conceptual framework. 
 
In the following sections, we present our theory and conceptual framework. A series 
of six studies employing diverse methods (e.g., reaction time measurement, choice experi-
ments) systematically examines the boundary conditions under which the package cue’s 
health and taste effects are likely to occur. The paper concludes with a discussion of the find-
ings and directives for marketing managers. As this research will show, pale packaging is a 
double-edged sword for retailers and food providers because this pervasive package cue has 





Need for heuristic taste inferences Health as the primary goal when shopping
Contingency variables moderating the opposing influences of the subtle package cue






- Sensory information available vs. not 
available (with and without tasting)
- More vs. less health-conscious consumers
- More vs. less healthy food products or colors
Negative taste effect
Positive health effect
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the suggested contingencies, light colors can be an asset or a liability. Such knowledge is es-
sential to develop successful packaging strategies and to promote (healthier) food products 
more effectively. 
 
2 Theoretical background 
2.1 Role of product packaging 
Product packaging fulfills vital logistic purposes (e.g., protection, transportation, 
storage of the product), but it also has two important functions in the decision making of con-
sumers (Sara 1993). First, the packaging is a lever to attract attention and to differentiate 
products visually (Ampuero and Vila 2006). Secondly, packaging conveys information, ab-
stract images, and symbolic meaning (metaphors, associations, aesthetics, etc.) (Silayoi and 
Speece 2004; Sundar and Noseworthy 2014). Shoppers apply such mental shortcuts to draw 
conclusions about products or brands, especially when they have to bypass gaps in their 
knowledge as information is often incomplete (Deval et al. 2013). Several package elements 
(e.g., shape, labeling, brand names or product images) serve as symbolic cues that affect in-
store purchase decisions, post-purchase evaluations, and even the consumed quantity (Argo 
and White 2012; Deng and Kahn 2009; Deng and Srinivasan 2013; Krishna 2006; Madzharov 
and Block 2010; Scott et al. 2008; Wansink and Van Ittersum 2003; White et al. 2016; Yang 
and Raghubir 2005). With color intensity, this research focuses on a crucial visual design el-
ement. As it is perceptually salient, package color primes perceptions even from a distance 
(e.g., when approaching a shelf in a store) and color is often noted before shoppers are able to 
perceive other verbal or graphic package cues. 
 
2.2 Color and color intensity 
Research on the perception of color has emerged in various disciplines (psychology, 
physics, art, marketing, etc.). We acknowledge this extensive background and approach the 
issue from a consumer behavior perspective (Labrecque, Patrick, and Milne 2013 for a re-
view). Color is a visual perceptual property that is derived from the reflection of light. Colors 
are characterized by the light’s wavelengths that are perceived by the human eye (the visible 
light ranges from 400 to 700 nm). In colloquial speech, a color is associated with a certain 
spectrum of light (e.g., yellow: 560-590 nm). There are several multidimensional typologies 
that distinguish between different appearance parameters (Gorn et al. 1997), such as hue, 
lightness, chroma, or saturation. 
As a result of associative learning (Balsam and Gallistel 2007; Labrecque, Patrick, 
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and Milne 2013), consumers have established close associations with specific colors because 
they occur in their (shopping) environment. For example, individuals have learned that red 
objects require attention (red light, stop signs, discount labels, etc.) (Ogden et al. 2010; 
Puccinelli et al. 2013). By referring to such associations, consumers tend to infer meaning 
from a product’s color (Garber, Hyatt, and Starr 2000; Herbig and Milewicz 1996). Likewise, 
consumers differ in their perception of different package colors (e.g., Delaby, Balikdjian, and 
Pohl 2011; Garber, Burke, and Jones 2000; Karnal et al. 2016). Ares and Deliza (2010), for 
example, demonstrate that milk desserts with black (vs. white or yellow) packages are ex-
pected to contain more chocolate. 
While there is ample evidence documenting color’s impact on product judgments, 
few studies considered that the human eye further distinguishes color with respect to the 
aforementioned appearance properties (Labrecque, Patrick, and Milne 2013) and, most im-
portantly, color lightness, which is within the scope of this research. Color lightness refers to 
differences in the degree of a color’s intensity that is caused by distinct wavelengths within a 
commonly accepted main band of light (e.g., dark and light-green). There are indications that 
the color lightness of a product itself shapes consumer perceptions (Hoegg and Alba 2007; 
Lavin and Lawless 1998; Tom et al. 1987). It is plausible that similar inferential beliefs domi-
nate the perception of the packaging. This research focuses on two different meanings that 
consumers infer from light tones, but which have opposing consequences, namely, positive 
health inferences and negative taste inferences. 
 
2.3 Positive package color effect: light colors as a health cue 
Pale packaging may be used under the assumption that consumers rely on light colors 
as a source of symbolic meaning regarding product healthiness. Product healthiness refers to 
expectations about a product’s health benefits and the influence of the product on one’s state 
of health. Color lightness effects on health judgments can be explained with associations of 
heaviness as colors were shown to differ in their perceived weight (Pinkerton and Humphrey 
1974). That is, some colors are perceived heavier (e.g., red) than others (e.g., yellow) (Karnal 
et al. 2016). Due to a halo effect, consumers may establish an associative linkage between the 
perceived weight of light colors and healthiness in their mind (i.e., the product is less heavy 
on the stomach). Hence, food shoppers might be prone to infer that products with pale pack-
ages are healthier. Perceived validity of this assumption may be strengthened by the fact that 
in many industrialized countries pale and less intense colors are used for diet options or 
healthier products, whereas conventional variants often employ more intense colors (Croll, 
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Neumark-Sztainer, and Story 2001). 
Despite its role as a health cue in marketing practice, research on the interplay with 
other valued attributes is sparse. Color-related research in neighboring disciplines has focused 
on taste perceptions (e.g., Becker et al. 2011; DuBose, Cardello, and Maller 1980; Harrar, 
Piqueras-Fiszman, and Spence 2011; Lavin and Lawless 1998). Yet, isolated approaches bear 
the risk of misleading conclusions, and the need of jointly examining the taste dimension and 
the healthiness dimension was recognized in several contexts (product names: Irmak, Vallen, 
and Robinson 2011; health claims: Naylor, Droms, and Haws 2009; reduced-fat/sugar: Mai 
and Hoffmann 2015; flavor intensity: Mai et al. 2014; vice-virtue bundles: Liu et al. 2015). 
 
2.4 Negative package color effect: light colors as a signal to a taste de-
crease 
Individuals are known to draw opposing inferences from the very same cue (Deng 
and Srinivasan 2013; Deval et al. 2013). This research extends the current discussion about 
contradictory naïve inferences to package cues. In this context, a positively valenced package 
health cue might be negatively associated with further product benefits, and more precisely, 
taste evaluations. Accordingly, recent research shows that consumers are confronted with 
competing goals when balancing their long-term health considerations with the short-term 
goal of indulgence (Finkelstein and Fishbach 2010; Laran and Janiszewski 2009; Wilcox et al. 
2009). According to Raghunathan, Naylor, and Hoyer (2006), people intuitively believe that a 
food’s taste and healthiness are inversely related. As a consequence of such deep-seated intui-
tions, consumers tend to judge unhealthy products inherently tastier than more healthy options 
(albeit this may be objectively inaccurate). This taste stigma of healthy food was shown to 
guide food choices or enjoyment (Laran 2010; Laran and Janiszewski 2009; Raghunathan, 
Naylor, and Hoyer 2006; Wilcox et al. 2009) and it is even reflected in consumer body fatness 
(Mai and Hoffmann 2015). 
In consideration of the competing decision-making goals, light-colored packages 
should exert two effects that work in opposite directions. On the one hand, light tones trigger 
a positive health effect because they are associated with a reduction of some food constituents 
(e.g., low fat or sugar). On the other hand, there is reason to believe that the cue generates a 
negative taste effect because light tones are also associated with sensory properties (less in-
tense color↔less intense taste, flavorless, bland, etc.). For certain foods (esp. fruits and vege-
tables), richer colors signal optimal development, ripeness, and quality. In focus group inter-
views, consumers characterize the pale packaging of healthier options as “boring and dull”, 
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while the conventional variant “catches your eye because of the bright colors” (Hamilton et al. 
2000, p. 501). Likewise, “if the pack is dull, the food taste could be guessed as boring” 
(Silayoi and Speece 2004, p. 617). We observed similar taste inferences in exploratory inter-
views that were conducted in the preliminary stage of this research. For these reasons, we 
expect light-colored packages to evoke unfavorable taste associations that can even offset the 
positive implications of favorable health impressions. 
H1 The intensity of the packaging color evokes opposite effects on food evaluation: 
Products with light colors are perceived healthier than products with regular colors, 
whereas products with light colors are perceived as less tasty than products with 
regular colors. 
 
The color-induced judgments of taste and health will jointly guide the purchase deci-
sion. Marketers are keen to learn when light tones are an asset (positive health effect) or a 
liability (negative taste effect). Yet, prior research has not examined the factors that moderate 
the opposing effects. Our framework (Figure 1) posits that the effects suggested with H1 are 
more or less influential depending on boundary conditions. Whether shoppers perceive color 
intensity as diagnostic (relevant) for judgment formation is expected to critically depend on (i) 
the need for heuristic taste inferences (i.e., the accessibility of sensory information) and (ii) 
the extent to which the package is judged under a health goal (i.e., the consumer’s level of 
health consciousness). 
 
2.5 The need for taste inferences: moderating effect of the availability of 
oral sensory information 
As the first boundary condition, reliance on light-colored packaging may depend on 
the shopper’s need to make inferential judgments. People are particularly likely to use a cer-
tain cue as an input for decision making if this information is perceived as useful for achiev-
ing the desired goal (Alavi, Bornemann, and Wieseke 2015; Lynch, Marmorstein, and 
Weigold 1988). Our framework posits that package color’s negative taste effect is more pow-
erful when a food product’s sensory properties cannot be assessed directly through tasting and 
the judgments are solely based on visual perception. By contrast, the health effect should oc-
cur even when oral sensory information is available. This assumption builds on the distinct 
qualities of taste and health evaluations. Tastiness is an experience quality that can be as-
sessed upon consumption, whereas product healthiness is a credence quality which is difficult 
to ascertain even after consumption. 
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When tastiness is a hidden attribute (e.g., before the purchase), food shoppers may be 
compelled to rely on extrinsic package cues. As they are unable to assess intrinsic sensory 
properties by tasting, consumers should be prone to form tastiness evaluations on the basis of 
heuristic conclusions about the packaging. By contrast, when oral sensory information is 
available as an input for judgment formation (e.g., after consumption), food shoppers should 
have much weaker need to deduce this experience quality from a visual cue. Consistent with 
this logic, research (Grunert 2005; Hoppert et al. 2012a; Mai and Hoffmann 2015) shows that 
taste evaluations mainly build on actual sensory experiences of intrinsic properties, rather than 
on expectations based on extrinsic cues. Likewise, Luchs et al. (2010) show that lay theories 
guide evaluations of attributes less strongly once these properties are no longer missing. Note 
that it is still possible that color intensity affects taste evaluations after a food product has 
been tried. Several extrinsic cues (e.g., labeling, health claims, product names) were shown to 
bias taste experiences (e.g., Irmak, Vallen, and Robinson 2011; Litt and Shiv 2012; Naylor, 
Droms, and Haws 2009; Wansink and Park 2002; for a review see Piqueras-Fiszman and 
Spence 2015). In other words, we suggest that reliance on light colors as a negative taste cue 
is stronger when food shoppers base their judgments only on visual perception than when they 
are able to take into account sensory perception as well. 
In contrast to taste, healthiness is a credence quality as this attribute can hardly be de-
tected by human senses. Accordingly, individuals have difficulties to taste differences in sug-
ar or fat (Hoppert et al. 2012b) and they have to refer to a product’s labeling to form health 
judgments (Mai and Hoffmann 2015). Owing to the fact that product healthiness is still a hid-
den (credence) quality after tasting, consumers are expected to rely on package color lay theo-
ries, even in the post-consumption phase when sensory information is no longer missing. We 
therefore postulate: 
H2a The availability of sensory information moderates the opposing effects of light-
colored packages. The negative color-induced taste effect is stronger when oral sen-
sory information is not available than when taste evaluations can be based on actual 
sensory experiences. 
H2b The pattern suggested with H2a differs between taste and health evaluations. The 
color-induced health effect is also likely when judgments are based on oral sensory 
experiences. 
 
The differential effects suggested with H2a/b should drive the final intent to purchase. 
Thus, the negative taste effect on the purchase decision is more likely to counter the positive 
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health effect when oral sensory information is missing and the need for heuristic taste infer-
ences is strong. Our framework proposes a second important boundary condition according to 
which package color effects are expected to vary with the goal that is activated at the time of 
judgment. 
 
2.6 Pursuit of a health goal at the time of judgment: moderating effect 
of health consciousness 
Consumers differ in the extent to which their decisions are based on cues indicating 
health benefits (Jayanti and Burns 1998; Moorman and Matulich 1993; Naylor, Droms, and 
Haws 2009). We expect that consumers seek and interpret a package cue from the perspective 
of their consumption goals. If shoppers are pursuing a health goal, they should be more likely 
to interpret pale packages as a health cue, rather than a signal for a taste decrease. Health con-
sciousness is therefore deemed a relevant consumer characteristic to moderate the opposing 
effects of this cue. 
Health consciousness captures the degree to which an individual is actively engaged 
in behaviors to improve or maintain their state of health (Gould 1988). Health-conscious con-
sumers monitor their health and are ready to take the necessary actions (Michaelidou and 
Hassan 2008). They are more adept and more willing than less health-conscious consumers to 
pursue an overarching health goal. To achieve this goal, health-conscious consumers place 
greater emphasis on health-related attributes and they are more sensitive to extrinsic cues in-
dicating health benefits (Mai and Hoffmann 2012, 2015; Naylor, Droms, and Haws 2009) 
than less concerned individuals. Consequently, the positive effect of color-induced health im-
pressions should be strengthened with elevating levels of health consciousness. By contrast, 
the detrimental taste effect should be attenuated because consumers with a strong health ori-
entation are more ready to accept deficits in taste for products with health benefits (Verbeke 
2006). For less health-concerned individuals, we expect the opposite pattern because health 
aspects are less relevant for these consumers (Naylor, Droms, and Haws 2009). In other 
words, light colors might signal healthiness when a health goal is active (or salient) during the 
judgment, but signals a loss in taste when this goal is less relevant. 
H3a, b Health consciousness moderates the effects of light-colored packages on the pur-
chase decision, such that (a) the color-induced health effect plays a stronger role in 
decision making and (b) the taste effects plays a weaker role with elevating levels of 
health consciousness. 
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It is plausible that not only consumer characteristics shape the central consumption 
goal. Likewise, aspects of the retail environment and the product may determine which infer-
ence rule is activated and how a cue is interpreted. For example, healthier variants should be 
likely to make a health goal salient (Deng and Srinivasan 2013) and thus the product is judged 
in this context. Hence, the implications of H3 should extend to healthy (vs. unhealthy) prod-
ucts or attributes. 
 
2.7 Flow of studies 
A series of experiments tests our theoretical framework using a wide range of meth-
ods. Table 1 presents an overview of the objectives and stimulus materials of these studies. In 
a preliminary step 1, reaction-time tests and a choice experiment explore the role of light-
colored packaging as a subtle health cue and a signal to a taste decrease. Study 2 then exam-
ines the contingency variables that moderate the opposing influences of the package cue. 
Studies 3a and 3b extend these mechanisms to product characteristics and test our framework 
for more and less healthy products (inter-product comparison). Finally, Study 4 manipulates 
the healthiness dimension for the very same product (intra-product comparison). 
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Table 1. Overview of the main objectives and the study stimuli. 
 Study 1a Study 1b  Study 2  Study 3a Study 3b  Study 4 
 Light-colored package’s role of a subtle health 
cue or a signal to a taste decease 
 Moderation of the  
opposing color effects 
 Package color effects for  
more and less healthy products 
(inter-product comparison) 
 Interplay with other 
health cues (intra-
product comparison) 
Objective Associative linkage: 
light-colored packages ↔ 
healthy (health effect) / 
less tasty (taste effect, H1) 
Choice of light-
colored packages 
when different goals 
are active 
 Taste and health effects 
depending on the presence 
of the sensory cue (H2) and 
health consciousness (H3) 
 Dominance of the 
negative taste effect 
for a less healthy 
product 
Dominance of the 
positive health effect 
for a more healthy 
product 
 Manipulation of product 
healthiness for the same 
product, non-linearity of 
color lightness effects 
Method Implicit association test Observational exper-
iment (indulgence vs. 
health framing) 
 2 (color lightness) × 
2 (sensory cue) experiment 
 2 (color lightness) × 
2 (sensory cue) 
experiment 
2 (color lightness) × 
2 (sensory cue) 
experiment 
 3 (color lightness) × 




     
Stimuli of Studies 2 to 4, 
and pale packages of pizza, 











Stimuli of Studies 2 to 4, 
and regular packages of 



















Colors Blue, green, red, turquoise Brown  Green  Red Red  Blue, green 
Product(s) Pizza, chocolate, yoghurt, 
cream cheese, potato chips, 
fruit bar, juice 
Cereal bar  
(chocolate flavor) 
 Cream cheese  
(herbs flavor) 
 Potato chips 
(red paprika flavor) 
Fruit bar 
(red fruits flavor) 
 Orange juice 
 MIT wertvollem Getreide
 OHNE Farbstoffe
 OHNE Zusatz von 
Konservierungssoffen 6 Riegel
 MIT den besten Früchten
 OHNE Farbstoffe
 OHNE Zusatz von 
Konservierungssoffen 6 Riegel
 MIT wertvollem Getreide
 OHNE Farbstoffe
 OHNE Zusatz von 
Konservierungssoffen 6 Riegel
 MIT den besten Früchten
 OHNE Farbstoffe
 OHNE Zusatz von 
Konservierungssoffen 6 Riegel
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3 Preliminary studies 1a and 1b: role of a health cue 
Studies 1a and 1b aim to substantiate our basic premise that shoppers intuitively per-
ceive pale packaging as a health cue. This stage also tests the opposing taste effect of our 
framework. 
 
3.1 Study 1a: Subtle associative linkage between light tones and health 
or taste perceptions 
3.1.1 Procedure and materials 
Since color-induced inferences may be activated spontaneously and operate outside 
conscious awareness, we applied a less obtrusive technique, the widely-applied implicit asso-
ciation test (IAT, Greenwald, McGhee, and Schwarz 1998). The IAT is a computer-based 
reaction-time measurement that assesses heuristic associations between target concepts and 
evaluative attributes. Across seven blocks, the task is to categorize stimuli from different cat-
egories that are presented in the center of the screen. In the first block, subjects classify pic-
tures of light-colored and darker food packages into the respective categories (shown in the 
upper corners) by pushing one of two keys (E and I). To draw stimuli for both conditions, 
graphic designers manipulated the lightness of eight packages (Table 1), five of which are 
used in the Studies 2 to 4. All other parameters (hue and saturation) and elements of the pack-
aging (size, shape, pictures, etc.) were held constant. We used different colors as well as 
healthy and unhealthy product categories to increase generalizability. In a second block, the 
subjects allocated word stimuli for the attributes “healthy” (e.g., fit, lively, well, vivid) and 
“unhealthy” (e.g., sick, ill, harmful, excessive, unwell). In a third and fourth critical test block, 
the stimuli of the target concepts and the attributes are grouped together (e.g., left side of the 
screen: “light-colored packaging or healthy”). The positions of the target concepts were 
switched and practiced in block 5. Blocks 6 and 7 again presented target concepts and attrib-
utes together, yet with the opposite pairing as in blocks 3 and 4 (“light-colored packaging or 
unhealthy”). In total, the procedure contained 180 trials. Since subjects are asked to complete 
the tasks as fast as possible while avoiding mistakes, the IAT taps into associations that are 
activated intuitively and without greater effort. The strength of the heuristic association is 
reflected in the difference between mean response times for the critical test blocks 3 and 4 and 
the opposite pairing (blocks 6 and 7). Faster responses in the hypothesis-consistent (vs. incon-
sistent) condition imply that consumers associate light tones of the package more closely with 
healthy. 
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The participants also completed a second IAT measuring taste associations. The IAT 
protocol and the stimuli were the same with the slight difference that eight word stimuli were 
used which are associated with the labels “tasty” (e.g., delicious, yummy, appetizing, appeal-
ing) and “not tasty” (e.g., bland, flavorless, disliked, unsavory). To rule out method artefacts, 
the order of both IATs as well as the order of compatible and incompatible task conditions 
were balanced. Forty-six subjects (29.2 years, SD = 7.9, 49% female) completed this proce-
dure (all experiments we report herein recruited German participants). Error rates are low for 
both IATs (9.7% and 8.2%, respectively). Four subjects finished only one of the two IATs. 
 
3.1.2 Results and discussion 
Regarding heuristic healthiness associations, mean response latencies clearly show 
that the subjects have fewer difficulties to pair light-colored (vs. regular) product packaging 
with healthy, because response times were slower for the incompatible pairing (Mincompatible = 
1,156.51 ms vs. Mcompatible = 845.66 ms). Bear in mind that the stimuli included the very same 
product packages that differed in color lightness only. The calculated IAT D-score (Green-
wald, Nosek, and Banaji 2003) is strong (MD-Score = .71, SD = .40) and significant 
(t(44) = 12.119, p < .001). Thus, light-colored packages are largely considered a health cue 
(95.6% had positive D-scores) and the IAT confirms the relatively automatic nature of reli-
ance on this package cue. For taste associations, the second IAT effect did not reach signifi-
cance (MD-Score = .07, SD = .58, p > .05; Mcompatible = 949.06 ms vs. Mincompatible = 995.21 ms; 
56% positive D-scores). A relatively wide range of D-scores (-1.23 to 1.48) indicates that in-
tuitive taste associations with pale packages are heterogeneous and, presumably, depend on 
further factors (which is tested for in the subsequent studies).  
A second goal of Study 1a was to test the stimulus materials that are used in the main 
experiments (Studies 2-4). To this end, we isolated the trials that showed the respective pic-
ture stimuli. A reanalysis of the reaction times reveals that all packages in lighter tones were 
paired with healthiness much faster than with unhealthiness (and vice versa for the regular 
version). The differences in reaction times are significant for the five manipulated food pack-
ages (Table 2). 
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Table 2. Mean reaction times for the products that are used in the main experiments. 
 Light-colored package paired with  Regular package paired with  
 healthy unhealthy t-value p  healthy unhealthy t-value p  
Study 2  (Cream cheese) 850.7 ms 1181.6 ms -3.473 ***  1158.6 ms 869.5 ms 3.966 ***  
Study 3a  (Fruit bar) 722.1 ms 1108.0 ms -6.560 ***  1061.2 ms 784.2 ms 5.569 ***  
Study 3b  (Potato chips) 800.2 ms 1043.0 ms -2.857 **  1018.2 ms 802.9 ms 3.491 ***  
Study 4  (Orange juice)         
  green label 965.4 ms 1359.0 ms -4.187 ***  1164.6 ms 749.1 ms 5.808 ***  
  blue label 871.2 ms 1150.7 ms -4.927 ***  1051.5 ms 697.8 ms 5.962 ***  
Notes. t-test, level of significance: ** p ≤ .01, *** p ≤ .001. 
 
3.2 Study 1b: Opposing package color effects on actual food choices 
Having revealed that light-colored packaging is associated with healthiness, a second 
preliminary study aims to show how this affects decisions in a real consumption context. 
Study 1b observes actual choices between two cereal bars (chocolate flavor) from two pack-
ages with different color intensity. To test the proposed theory of the ambivalent meanings of 
light-colored packages, we manipulated the consumption framing (health vs. indulgence). The 
opposing inferences from the package cue should depend upon which goal is activated (Deval 
et al. 2013). We expect individuals to favor products from the light-colored packaging when 
the health goal is salient, whereas they should prefer the darker packaging under an indul-
gence framing.  
 
3.2.1 Procedure and materials 
Participants were randomly assigned to one of the two conditions (health vs. indul-
gence). This study consisted of two steps. The first step activated the framing. To induce the 
respective mindset, the participants were asked to remember a situation in which they (i) ex-
perienced something absolutely delicious or (ii) experienced themselves as absolutely healthy. 
They were then asked to describe this moment with one or a few words and to write down 
their thoughts. In the second step, they could take a cereal bar as a small reward for their par-
ticipation (“When looking for something healthy/tasty, which of the two cereal bars would 
you choose?”). The two packages were displayed on a table and their positions were inter-
changed randomly. In total, each version was on the right-hand side for half the duration of 
the experiment. The cereal bars were placed in front of the respective packages, covered by a 
lid (the product was the same for both options). Thus, the subject’ choices were primarily 
based on the packaging. Brown was chosen as the package color, which corresponds well 
with the product’s chocolate flavor. It is important to note that we changed color lightness of 
the packaging only (hue and saturation were held constant). Eighty-four subjects participated 
(21.4 years, SD = 2.7, 52 males).  
E.1 – Light and pale colors in food packaging: When does this package cue signal superior healthiness or 
  inferior tastiness? 
137 
3.2.2 Results and discussion 
Logistic regression analysis confirms a strong influence of the primed goal on the 
choice of the product with light-colored packaging (Bhealth = 2.255, Wald = 7.251, 
Exp(B) = 9.533, p < .01). Figure 2 illustrates this effect. When the indulgence goal was active, 
participants chose the cereal bars of the pale (vs. regular) package less often 
(χ2(1, 42) = 12.302, p < .001). They favored this product, however, when a health goal was 
active (χ2(1, 40) = 10.756, p < .001). The participant’s gender had no main effect on the 
choices (Bmale = -.612, Wald = .138, p > .05) and did not moderate the goal framing effect 
(B = .181, Wald = .029, p > .05).  
Study 1b demonstrates that pale packages affect actual product choices. The results 
confirm our assumption that package color intensity has ambivalent meanings depending on 
the consumption goal. For both males and females, products with light-colored packaging 
were preferred when pursing a health goal, whereas they were avoided when an indulgence 
goal was active. 
 
 
Fig. 2. Choice of the cereal bar with regular vs. light-colored packaging by primed goal. 
 
4 Study 2: Moderation of the opposing package color effects 
4.1 Objective 
Having demonstrated the role of a subtle health cue, the objective of Study 2 is to in-
vestigate the contingency variables that moderate the opposing effects of pale packages. An 
experiment tests how the need to form taste inferences (i.e., the accessibility of sensory in-
formation) moderates the positive taste effect and the negative health effect. It is further ex-
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4.2 Materials 
Building on exploratory interviews, herb cream cheese was selected as the focal 
product. Package color was varied in two levels: light green and regular green. Green packag-
ing was used because green is often associated with naturalness and herbs, the product’s fla-
vor. A professional graphic design company created the materials (Table 1). To ensure eco-
logical validity, the design was inspired by a real cream cheese brand, but all major elements 
(e.g., brand name) were fictitious. In the experiment, none of the subjects confused the stimu-
lus with existing brands. Successful manipulation was checked in a qualitative pretest with 
seven subjects who perceived the stimulus as highly realistic. In both treatment conditions 
(light vs. regular), the packaging contained the same standard herb cream cheese, which is 
important for the sensory perception task. 
 
4.3 Procedure 
Study 2 applies a mixed-design experiment involving a 2 between-subjects (color 
lightness) x 2 within-subjects (accessibility of sensory information) design. As regards the 
color lightness factor, participants were randomly allocated to one condition (light vs. regular 
green). Note that the subjects were exposed to one product only. This is a very conservative 
test of our theory because contrasting a pale with a darker version – such as in Studies 1a and 
1b – might inflate effect sizes. We manipulated the within-subjects factor (sensory infor-
mation) by splitting the experiment into two rounds. The first round simulated an in-store sit-
uation in which the subjects were shown the package, but they did not taste the actual product. 
As a cover story, the subjects were told that the study evaluates the market potential before 
launching the product. They were then asked to evaluate certain food properties (e.g., taste) 
and to indicate their intent to purchase. Next, a short, unrelated task distracted the subjects. In 
the second round, we simulated a post-purchase consumption situation in which oral sensory 
information was accessible. Participants were asked to look at and taste the product using a 
white plastic spoon (neutral taste). They evaluated the same variables as in the first round. As 
the packaging contains red and mostly green elements, the Ishihara color test controlled for 
red-green color deficiencies. None of the subjects failed the test. Finally, we thanked and de-
briefed the participants. The procedure took between 12 to 15 minutes. 
 
4.4 Measures 
A questionnaire measured the subject’s purchase intention using a two-item seven-
point Likert scale (“I would buy this product.”, “Next time I buy cream cheese, I will buy this 
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product”; Mround 1 = 4.33, α = .88; Mround 2 = 4.87, α = .95). From Mai and Hoffmann (2015), 
we took a two-item seven-point semantic differential scale to assess food tastiness (“tasty/less 
tasty”, “enjoyable/not enjoyable”; Mround 1 = 4.53, α = .70; Mround 2 = 5.07, α = .82) and a 
three-item seven-point semantic differential scale for food healthiness (“healthy/unhealthy”, 
“helps/does not help me to stay fit”, “helps/does not help me to stay slim”; Mround 1 = 4.42, 
α = .77; Mround 2 = 4.21, α = .84). To assess pursuit of an overarching health goal, we used a 
domain-general measure that is unrelated to health or nutrition. This helps to avoid an infla-
tion of effects. A four-item seven-point Likert scale was adopted from Gould’s (1988) Health 
Consciousness Scale to assess the level of health consciousness (e.g., “I reflect about my 
health a lot.”; M = 5.04, α = .83).  
Since food decisions are driven by a whole host of factors, we measured several con-
trol variables: age, gender, education, liking of cream cheese, diet-product consumption, fa-




In all, 179 individuals participated in the experiment. Recruitment was done through 
direct and indirect sampling methods. Participants were contacted personally by one of the 
authors or they were recruited via referrals (e.g., from initial subjects). This approach helped 
to cover a relatively large regional territory including major cities and smaller towns in the 
Eastern part of Germany. In this way, we avoided urban-rural discrepancies concerning food 
heritage, food attitudes or differences concerning food store density. Quota sampling was fur-
ther applied to include a wide range of characteristics regarding age, gender, and occupational 
background. On average, participants were 38.7 years (SD = 15.4, ranging from 13 to 79 
years), and 53% were female. 
 
4.6 Results 
4.6.1 Moderating role of the need for heuristic taste inferences (availabil-
ity of sensory information) 
The first step of the analysis examines the first proposed contingency variable. The 
analysis tests if the effects of package color are dependent on whether oral sensory infor-
mation is absent or present. Mixed-design ANOVA was conducted with package color as the 
between-subjects factor and the evaluations of tastiness and healthiness as the within-subjects 
dependent variable. 
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For the situation when tasting was not possible (visual inspection only), the analysis 
reveals a strong interaction effect between both factors (F(1, 177) = 6.991, p < .01). As shown 
in Figure 3, the subjects drew opposing conclusions from the package cue. The product with 
regular green was rated more tasty than healthy, whereas the product with the light-colored 
packaging was perceived relatively healthier than tasty. According to our theory, we would 
expect that these opposing inferences are passed along to the purchase decision. Regression 
analysis reveals that only the taste evaluations guide the purchase intention (taste: β = .46, 
t = 6.475, p < .001; health: β = .04, t = .496, p > .05). Next, we tested for multiple mediation. 
We applied the Preacher-Hayes (2004) bootstrapping procedure (10,000 samples) and the 
PROCESS macro (Hayes 2013), using color intensity as the dummy-coded independent vari-
able (light-colored package = 1, regular = 0), the taste and health evaluations as the mediating 
variables, and purchase intention as the dependent variable. The results reveal that the nega-
tive indirect effect (IE) of light-colored packaging via taste evaluations (IE = -.10) is margin-
ally significant (90% confidence interval CI90 = -.01 to -.23), whereas the positive indirect 
effect through healthiness is not significant (IE = .01, CI90 includes 0). Thus, the package 
cue’s taste effect outweighs the health effect in this situation. 
 
 
Fig. 3. Tastiness and healthiness evaluations depending on packaging color in different con-
sumption situations. 
 
Also for the situation when sensory properties were accessible through tasting, 
mixed-design ANOVA reveals a marginal interaction effect (F(1, 177) = 2.783, p < .1), but 













(visual and oral sensory perceptions)




F(1, 177) = 6.991, p < .01
Interaction effect
F(1, 177) = 2.783, p < .1
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health inferences. That is, health evaluations of the pale packaging surpass that with regular 
colors (t(177) = 2.341, p < .05), but we observed no differences for taste (p > .05). Yet, medi-
ation analysis reveals that these health inferences do not impact the purchase decision 
(IE = .03, p > .05), because taste remains the dominant driver (taste: β = .55, t = 8.404, 
p < .001; health: β = .09, t = 1.304, p > .05).  
These observations confirm our assumption that the different color-induced infer-
ences are more or less powerful depending on the shopper’s need to make heuristic taste in-
ferences. This provides support for H1 and H2a/b. One result is noteworthy, however. The posi-
tive health effect did not approach significance and presumably depends on the second con-
tingency variable. 
 
4.6.2 Moderating role of a health goal (health consciousness) 
In the next step of the analysis, we are primarily interested in whether the taste effect 
is weaker for subjects who are motivated to achieve and maintain a good state of health. Con-
versely, the health effect should be pronounced because such health-conscious shoppers may 
rely more on health inferences based on package color. We applied the Preacher-Hayes boot-
strapping procedure to test if the color effects via taste and health are moderated by health 





 percentile). The full ANOVA models are provided in the 
Web Appendix. 
When sensory information was not available, particularly the purchase intentions of 
the less health-conscious subjects were driven by package color’s taste effect. The indirect 
effect was still marginally significant for those with average health consciousness, but turns 
nonsignificant for more health-conscious subjects (above the 50
th
 percentile). Regarding the 
health effect, purchase intentions were not driven by health inferences, irrespective of the lev-
el of health consciousness. 
However, when having tasted the product, health consciousness strengthened the 
health effect of package color. This positive influence of pale packages occurred primarily for 
the health-aware individuals, but not for those who are less concerned about their health. Ad-
ditionally, the package cue’s indirect effect via taste inferences is qualified by the level of 
health consciousness. 
The conditional indirect effects reported above are based on the estimated regres-
sions. To double-check the opposing patterns, we conducted an alternative sensitivity analy-
sis. We ran a tertiary split according to the subject’s health consciousness and conducted mul-
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tiple mediation analyses (Table 3). The pattern is very robust, supporting H3a and H3b. Fur-
thermore, as food purchase decisions are guided by a multitude of determinants, we further 
included the control variables and reran all analyses. The results remain stable and several 
relationships are even stronger. 
 
Table 3. Conditional indirect effects of light-colored packages on purchase intention through 
the mediators (tastiness, healthiness) at different levels of health consciousness. 
Spotlight Analysis Evaluation when sensory information is  
 not available  available  
Mediators Tastiness  Healthiness  Tastiness  Healthiness  
 IE BS  IE BS  IE BS  IE BS  
Percentiles for  
health consciousness 






























Tertiary split Evaluation when sensory information is  
 not available  available  
Mediators Tastiness  Healthiness  Tastiness  Healthiness  
 IE BS  IE BS  IE BS  IE BS  
Health consciousness             
low (n=59, M=3.78) -.32 
a 
 -.01   -.29   -.00   
moderate (n=58, M=5.05) -.03 
 
 -.02   .03   .06 
 
 





Notes.  IE… indirect effect, BS… bootstrapping (10,000 samples), the conditional indirect effect for tastiness 
(post-consumption) has to be interpreted with caution due to heterogeneity of regression slopes. When account-
ing for the tastiness × color intensity term, the conditional indirect effects remain stable (e.g., tertiary split analy-
sis, low = -.24 and moderate = .02, ps > .05; high = .12, p = .1). 
a
 95%-CI ≠ 0, b 90%-CI ≠ 0. 
 
4.7 Discussion 
Study 2 corroborates our premise that light-colored packaging can be a double-edged 
sword because this package cue conveys different meanings. Evidently, two types of infer-
ences about pale packages coexist, with opposing implications for product evaluation (and in 
turn sales). 
The experiment has two more specific findings. First, color-induced inferences de-
pend on the need for inferential judgments about taste. Given that taste is an experience quali-
ty, the detrimental taste associations were particularly influential when the shopper’s taste 
judgments were solely based on the visual perception of this visual cue. Having experienced 
the product, however, taste is no longer a missing attribute. Accordingly, the participants re-
lied less on this cue for their tastiness evaluations. Unlike taste, healthiness is a credence qual-
ity. Since human abilities are too limited to distinguish more or less healthy products by taste 
(Hoppert et al. 2012b), food shoppers still have to employ heuristic processing. As a conse-
quence, healthiness evaluations were guided by package color even after the consumer had 
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tried the product. 
Secondly, the dilemma of pale packaging is qualified by consumer characteristics. 
While Study 1b shows that the contextual framing drives the inferential implications of the 
package cue, Study 2 extends this finding by showing that even internal factors can serve in 
this moderating role. A particular inferential tendency (indulgence vs. health-related) is also 
chronically activated by the shoppers’ experiences and attitudes, such as their motivation to 
maintain a good state of health. Accordingly, light tones are beneficial in two respects when 
selling to consumers who pursue a health goal. If sensory properties are not accessible, the 
detrimental taste effect on purchase intention disappears, whereas the positive health effect is 
strengthened. After having tasted the product, we even observed a marginally positive effect 
operating through tastiness. On the other side of the coin, pale packaging signals a loss in 
taste for those who are less health-aware. For these consumers, the health effect is dampened, 
whereas the negative taste effect is enhanced and dominates the purchase decision. In Study 2, 
we focused on aspects of the consumer that determine whether package color is interpreted 
under a health or an indulgence goal. The following studies emphasize characteristics of the 
product that may boost the salience of these goals. 
 
5 Studies 3a and 3b: Dependency on product healthiness (inter-
product comparison) 
5.1 Objective 
The differential color intensity effects in Study 2 may be specific to the focal stimu-
lus. This possibility merits attention because the impact of package design elements was 
found to differ between healthy and unhealthy products (e.g., Deng and Srinivasan 2013). 
Since the opposing inferences from a given cue depend on which goal is salient and, in turn, 
which inference rule is applied (Deval et al. 2013), healthier products might make the health-
related inference rule accessible. This should boost package color’s positive health effect. 
Conversely, unhealthy products are often consumed for pleasure and indulgence. The indul-
gence inference rule should be accessible for such products enhancing the negative taste ef-
fect. Consequently, the type of product may determine what conclusions consumers draw 
from package color intensity. Two studies therefore examine the differential color intensity 
effects for a less healthy product (potato chips) and a healthier product (fruit bars) of the 
product category snacks. 
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5.2 Experiment 3a: Less healthy product variants enhance the negative 
taste effect 
Study 3a examines a product that is typically consumed for indulgence rather than 
for staying healthy. For such products, consumers are expected to place emphasis on taste, 
whereas health benefits are less relevant. Hence, it is plausible that the health effect of color 
intensity is weak (if present at all), so that consumer judgments are primarily shaped by the 
cue’s taste effect.  
Potato chips (red pepper flavor) were selected as the focal product.
7
 A red packaging 
of a fictitious brand that fits the product’s flavor was developed. The packaging was manipu-
lated to create the two experimental conditions (Table 1). The study applies the same protocol 
and measurements as in Study 2. The experiment was conducted at the entrance to the cafete-
ria of a larger university. Two-hundred and six consumers (28.8 years, SD = 10.58, 51% 
male) evaluated the product (regular or light-colored packaging) before and after tasting.  
As in Study 2, we firstly examined the interplay of color and sensory perceptions. 
Mixed-design ANOVA with color intensity (between-subjects), the availability of sensory 
information (within-subjects) and the tastiness/healthiness judgments reveals an interaction 
effect among these factors (F(1, 204) = 7.056, p < .01). When including health consciousness, 
this effect is further qualified by the level of health-consciousness (F(1, 202) = 5.126, 
p < .05). 
To facilitate the interpretation of this interplay, we spotlight the two consumption 
situations. When oral sensory information is missing, Study 3a confirms the disordinal inter-
action effect (F(1, 204) = 2.987, p = .09) that was observed in Study 2 (Figure 4). Multiple 
mediation analysis tested for the conditional indirect effects via health and taste impressions. 
Again, the analysis reveals a negative taste effect particularly for the less health-conscious 
subjects (1SD below the mean of health consciousness: IE = -.21, CI95 ≠ 0), but not for the 
more health-conscious subjects (mean: IE = -.10; +1SD: IE = .02, CI95 = 0). No significant 
indirect effects via health associations were observed, however (CIs include 0, Figure 4). This 
must be attributed to the fact that purchase intentions were solely driven by judgments about 
tastiness (before: β = .62, t = 11.109, p < .001; after: β = .57, t = 9.875, p < .001), not about 
healthiness (both ps > .05). 
In the situation when sensory properties were accessible through tasting, there is no 
significant interaction effect between the taste/health evaluations and color intensity 
(F(1, 204) = .612, p > .05). Although health consciousness raised health perceptions of pale 
                                                 
7
 We used regular potato chips because other variants can be positioned as relatively healthier (e.g., baked chips). 
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packages (β = .16, t = 2.258, p < .05), the indirect health effect did not reach significance. 
Evidently, for this type of product, health benefits (or lack thereof) are not reflected in the 
intent to purchase. Notably, having tasted the product, the indirect taste effect is reversed for 
the less health-conscious subjects. Tasting seems to counteract unfavorable taste expectations 
that are conveyed by pale packages. 
Thus, for a product that is typically consumed for pleasure and indulgence, Study 3a 
shows only the negative implications of pale packages. As in Study 2, the purchase intentions 
of the less health-conscious consumers were partially shaped by unfavorable taste expecta-
tions when sensory experiences were missing. Albeit the more health-aware consumers inter-
preted this as a health cue especially after tasting, the health impressions were irrelevant for 
the final purchase decision. This supports the thesis that the positive health effect is mitigated 
for a less healthy product. 
 
5.3 Experiment 3b: More healthy product variants enhance the positive 
health effect 
Study 3b examines a variant of the category snacks that is positioned as rather 
healthy. We manipulated the packaging of a fruit bar (Table 1). The experiment was similar to 
Study 2, with one exception. In Study 2, the same subjects first evaluated the product before 
consumption and then after. It is possible that the observed differences are artificially elevated 
due to carry-over effects. To rule out this possibility, the accessibility of sensory information 
is manipulated between subjects.
8
 To demonstrate differential reliance on package color, the 
subjects evaluated the product only once (with or without tasting). One-hundred and twenty-
five participants (23.2 years, SD = 3.50, 64% male) completed the procedure at the entrance 
to the cafeteria of a university. 
First, we assess the moderating influence of sensory perceptions. Mixed-design 
ANOVA with the two experimental factors color lightness (light vs. regular) and sensory in-
formation (missing vs. accessible) as well as the dependent variable (taste and health evalua-
tions) reveals a marginal interaction among these factors (F(1, 121) = 3.302, p = .07). As 
shown in Figure 4, the pattern is opposite to the observations of Study 3a. While pale packag-
es are perceived marginally healthier than regular packages when the sensory cue is hidden 
(t(58) = 1.668, p = .1, taste: p = .7), light-colored packages are perceived tastier when the par-
ticipants were able to taste the product (t(57) = 1.707, p = .09, health: p = .9). Yet, only the 
taste impressions guide the intent to purchase (sensory information missing: β = .63, 
                                                 
8
 The authors are grateful to an anonymous area editor for drawing their attention to this issue. 
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t = 6.110; accessible: β = .61, t = 6.182, both ps < .001). The impact of healthiness evaluations 
did not approach significance (ps > .05). 
 
 
Fig. 4. Tastiness and healthiness evaluations as a function of package color and the availabil-
ity of the sensory information for less (Study 3a) and more healthy products (Study 3b). 
Notes. IE indirect effect, BS bootstrapping (10,000 samples), HC health consciousness, 
* 95%-CI ≠ 0, + 90%-CI ≠ 0.  
Sensory information not available Sensory information available

























Sensory information not available Sensory information available
Mediators Tastiness Healthiness Tastiness Healthiness
Spotlight analysis IE BS IE BS IE BS IE BS
weak HC (-1 SD) -.21 * .01 .22 + .01
moderate HC (mean) -.10 -.01 .14 + -.00
strong HC (+1 SD) .02 .01 .06 -.01
Sensory information not available Sensory information available
Sensory information not available Sensory information available
Mediators Tastiness Healthiness Tastiness Healthiness
Spotlight analysis IE BS IE BS IE BS IE BS
weak HC (-1 SD) .45 + -.01 .09 -.08
moderate HC (mean) .07 .02 .23 + -.01
strong HC (+1 SD) -.34 .00 .41 * -.01
Study 3a: Less healthy 
product (Potato chips)
Study 3b: More healthy 
product (Fruit bar)
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Moderated mediation analysis further reveals that the indirect effects via color-
induced taste associations are contingent on health consciousness. When sensory perceptions 
were not accessible, light-colored packages elicited favorable taste expectations that were 
translated into purchase intention more often for the less health-conscious subjects (-1SD be-
low the mean: IE = .45, CI90 ≠ 0) than for the more health-concerned individuals (+1SD: 
IE = -.34, CI90 = 0). By contrast, when tasting was possible, these positive indirect taste ef-
fects occurred primarily for the more health-conscious consumers (+1SD: IE = .41, CI95 ≠ 0;  
-1SD: IE = .09, CI90 = 0). 
Overall, Studies 3a and 3b support the notion that the consumption timing and con-
sumer health consciousness moderate the effects of package color intensity. In line with Study 
2, the cue’s impact varies, especially in terms of taste evaluations. This is an important find-
ing because influencing taste perceptions is not the primary targeted attribute when pale pack-
aging is applied as a health cue. As expected, light-colored packages have particularly unfa-
vorable implications when the type of product is typically consumed (and evaluated) under an 
indulgence inferential rule (Study 3a). For a healthier option (Study 3b), light tones have more 
favorable implications, even for perceived tastiness. In this research, product (un)healthiness 
was hitherto examined across different products (inter-product variability). Study 4 manipu-
lates this attribute for the very same product (intra-product variability). Additionally, the pre-
vious studies contrast a light-colored packaging with regular packaging. Yet, color effects 
may depend on the color intensity of the counterpart. To test for nonlinearity, Study 4 varies 
color lightness in more than two degrees. 
 
6 Study 4: Dependency on product healthiness (intra-product compar-
ison) 
6.1 Objective 
In the previous stages, color effects were examined across different products and 
colors. The observed differences imply that product healthiness primes the interpretation of 
light tones as a health (or taste) signal. In a similar manner, health associations that are acti-
vated by certain types of colors may determine what conclusions consumers draw from pale 
packages. Consequently, reliance on light tones as a health cue seems more likely when other 
diagnostic attributes support this mental shortcut (Lynch, Marmorstein, and Weigold 1998; 
Naylor, Droms, and Haws 2009). Contrariwise, inconsistent inputs detract from perceived 
diagnosticity and, under the worst condition, the subtle health cue is not taken into considera-
tion. To test this assumption, Study 4 manipulates perceived healthiness of the product and 
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the color for the very same product (intra-product comparison). In addition, the magnitude of 
package color effects may depend on the respective counterpart. We therefore contrast pale 
packages with a more and a less dark variant. 
 
6.2 Procedure and treatment 
In a 3×2×2 experiment, we manipulated the between-subjects factors color intensity 
(light, regular, and dark), type of color (associated with healthy vs. neutral), and type of prod-
uct (associated with healthy vs. conventional). We applied the protocol of Study 2 with one 
exception. Since package color’s detrimental taste effect proved particularly strong when oral 
sensory information was hidden, Study 4 focuses on this situation. Orange juice by a fictitious 
brand was selected as the focal product.
9
 Building on exploratory interviews, the color of the 
product’s label was either green (associated with healthy nutrition) or blue (perceived neu-
tral). As regards product type, the label indicated that the product was either pure squeezed 
juice (associated with healthy) or juice from concentrate (conventional). Color intensity was 
manipulated by changing the lightness values in such a way that the visual appearance is simi-
lar for green (values = 102, 69, and 25) and blue tones (182, 98, and 50). Again, hue and satu-
ration values were held constant. The manipulated labels were affixed to glass bottles with 
brass-colored caps. All bottles contained regular orange juice. A qualitative pretest (ten sub-
jects) confirmed ecological validity of the stimulus. 
The participants assessed product healthiness (M = 5.07, α = .75; e.g., “healthy/un-
healthy”, “calorie-rich/poor”) and tastiness (M = 5.16, α = .93; e.g., “tasty/less tasty”, “enjoy-
able/not enjoyable”) with four-item seven-point semantic differential scales. They also indi-
cated their purchase intentions using a three-item seven-point Likert scale (M = 4.44, α = .90; 
e.g., “Next time I buy orange juice, I will buy this product”) and we measured several control 
variables (e.g., liking of orange juice, age, gender). 
Based on quota sampling (age and sex), subjects were recruited in city centers, shop-
ping malls, and public places of four larger German cities. In all, 246 consumers participated, 
with the average age being 43.9 years (SD = 18.6, 59% were female). Six subjects had to be 
excluded because of red-green color deficiencies. No incentives were offered to participants. 
  
                                                 
9
A detailed description of the manipulation and the wording of the measurements are provided in the Web Ap-
pendix. 
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6.3 Results and discussion 
A manipulation check confirms successful manipulation because the pure squeezed 
juice variant (vs. juice from concentrate, t(238) = 4.586, p < .001) and the green labels (vs. 
blue, t(238) = 3.585, p < .001) were perceived healthier. Mixed-design ANOVA examined the 
interplay of the three between-subjects factors and the evaluation of taste and healthiness 
(within-subjects variable). The analysis reveals interaction effects between the 
taste/healthiness evaluations and each experimental factor (color intensity: F(2, 228) = 4.463, 
p < .05; type of color: F(1, 228) = 4.766, p < .05; type of product: F(1, 228) = 3.242, p = .07) 
(Table 4). As regards color intensity, paired t-tests show that light-colored labels were per-
ceived relatively healthier than tasty (∆M = -.16) and that this difference is marginally signifi-
cant (t(79) = -1.710, pone-tailed < .05). Regular labels were perceived tastier than healthy 
(∆M = .23, t(79) = 2.153, p < .05), whereas darker labels were perceived equally healthy and 
tasty (∆M = -.07, t(79) = -.762, p > .05). Thus, when comparing the light-colored and the reg-
ular version, we observe the same interaction effect as in Study 2 and 3a. Yet, including a 
darker variant reveals that the color-induced effects are more complicated than originally 
thought because they are clearly dependent on the darkness of the counterpart. 
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Fig. 5. Tastiness-healthiness inferences and purchase intentions depending on the experi-
mental factors. 
 
The analysis also reveals a marginally significant interaction among all four factors 
(F(2, 228) = 2.698, p = .07). To facilitate the interpretation, Figure 5 plots the means and the 
taste-health scores. Positive difference scores imply that the product is perceived relatively 
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tastier than healthy (and vice versa for negative differences). Evidently, the light-colored 
packages produced the greatest gap between the judgments of health and taste when further 
cues were accessible that are associated with healthy nutrition (light-green pure juice: 
∆M = -.52, t(19) = -2.800, p < .05). In line with recent research (Deval et al. 2013), light tones 
are most effective in signaling health benefits when complementary diagnostic input primes 
the interpretation of this cue by activating a health goal. We also find the opposite consistency 
pattern when other health cues were absent. The product was perceived most tasty (vs. 
healthy) for the dark blue-labeled juice-concentrate product (∆M = .49, t(19) = 2.120, 
p < .05). Hence, Study 4 furnishes further evidence for the very same product (intra-product 
comparison) that the role of a package health cue depends on perceived product healthiness 
(which enhances salience of a health goal at the time of judgment).  
Notably, ANOVA shows substantial main effects of the experimental factors on pur-
chase intentions, but no meaningful interactions (Table 4). In general, the dark packages cre-
ated greater intent to purchase than those with light or moderate colors (post-hoc test LSD: all 
ps ≤ .001). The light and moderate levels did not differ (ps > .05). These observations suggest 
that the color effects are not linear in nature and depend on the (absolute) level of color inten-
sity. As illustrated in Figure 5, it makes a difference whether light-colored packages are con-
trasted with moderate or darker levels. Thus, care must be taken not to overgeneralize the 
findings of this research. 
 
Table 4. Differences in tastiness-healthiness ratings and purchase intentions as a function of 
the manipulated factors. 




 Purchase  
intentions 
 
 F p  F p  F p  F p  
Color lightness 5.124 **  15.159 ***  4.463 *  9.813 ***  
Type of color 2.796 
+
  15.670 ***  4.766 *  3.077 
+
  
Type of product 8.853 **  24.833 ***  3.242 
+
  6.245 *  
Color lightness × type of color 1.918   1.102   .542   .220   




  1.139   .620   1.917   
Type of color × naturalness .405 
 
 .188   1.280   .814   
Color lightness × type of  
color × type of product 
1.994   1.213   2.698 
+
  .182   
Notes. ANOVA, level of significance: 
+
 p ≤ .1; * p ≤ .05, ** p ≤ .01, *** p ≤ .001. 
 
7 General discussion 
The marketing tools arsenal of food providers contains a vast variety of package el-
ements that are helpful in highlighting product healthiness directly (via health claims, product 
names, etc.) or in a more subtle manner. This research scrutinized an important and widely 
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applied visual design element (and supposedly health signal). Previously, it had been unclear 
when consumers rely on light-colored packaging as a health cue. Footing on seminal research 
on cue diagnosticity (Lynch, Marmorstein, and Weigold 1998; Naylor, Droms, and Haws 
2009), opposing naïve theories (Deval et al. 2013), and competing food evaluation goals 
(Raghunathan, Naylor, and Hoyer 2006), it was our basic premise that this tool has the poten-
tial to backfire because – apart from health inferences – light tones activate less favorable 
perceptions of another valued attribute. 
This research made several contributions to the marketing literature. Across a series 
of six experiments, we found convergent evidence of the opposing color-induced effects. In 
this way, we add an important package element to the list of marketing phenomena that have 
contradicting implications (Deng and Srinivasan 2009; Deval et al. 2013; Mitra and Lynch 
1995). Indeed, reaction-time measurement (Study 1a) revealed a strong automatic linkage 
between light-colored packages and healthiness in the consumer’s mind. Yet, heterogeneous 
associations with tastiness imply that further factors determine whether pale packaging helps 
or hurts. 
First, the shopper’s goal can modify the color effects because different heuristic in-
ference rules are active at the time of judgment. In Study 1b, pale packages were favored 
when the long-term utilitarian goal (maintaining a good state of health) was salient, whereas 
they were avoided when the short-term hedonic goal (indulgence) was active. In line with 
recent works (Deval et al. 2013), the contextual framing of a marketing cue can elicit oppos-
ing implications. We extend this theory by showing that internal factors can also serve in this 
moderating role. The respective inference rule (taste vs. health-related) can even be activated 
by a food shopper’s motivation and attitudes (Study 2), but also by product healthiness (Study 
3a/b), and other attributes (Study 4). Accordingly, the positive health effect was strengthened 
when consumers aspire to pursue a healthy lifestyle (Study 2) or when healthier products 
(Study 3b) and colors (Study 4) prime the interpretation of the package cue. By contrast, light 
tones were prone to trigger the negative taste effect when health goals were less relevant, such 
as for less health-conscious consumers (Study 2) or products that are typically consumed for 
indulgence and pleasure (Study 3a). 
Secondly, reliance on package color is further determined by the need to employ 
heuristic processing. Since tastiness is an experience quality, detrimental taste inferences are 
primarily triggered when consumers are unable to access sensory properties through tasting. 
To bridge this gap, shoppers have to refer to extrinsic cues, such as package color. As was 
shown in Studies 2 and 3a, the negative color-induced taste effect for less health-aware indi-
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viduals disappeared after consumption because tastiness is no longer a missing attribute (i.e., 
food evaluations rest on actual taste experiences). Even more, we were able to observe posi-
tive color-induced taste effects for these consumers (Study 3b). Likewise, Studies 2, 3a, and 
3b revealed positive taste inferences after tasting. Evidently, color intensity is a key taste cue, 
but this design element does not necessarily signal a taste deficit. As previous experiences and 
attitudes serve as a lens through which consumers evaluate food products, positive disconfir-
mation of package-based expectations (Oliver 1980), expectancy violations, or motivated rea-
soning (Kunda 1990) may modify the inferential effects, which is consistent with prior re-
search (Piqueras-Fiszman and Spence 2015; Naylor, Droms, and Haws 2009). In this regard, 
our findings provide another step towards understanding the opposing implications of certain 
marketing cues and, in particular, product packaging. 
Taken together, our research contradicts the conventional wisdom that consumers 
unconditionally regard light-colored packages as a health cue. Although aiming at a seeming-
ly positive attribute, food companies may unwillingly damage another valued attribute. Owing 
to the dominance of taste in food decision making, the taste inferences had much greater im-
pact on purchase intentions (Studies 2, 3a, and 3b) than the conclusions about health. Thus, 
package color’s role as a taste cue should be taken into account when deciding to employ light 
tones as a signal to superior health. The question of whether light tones help or hurt is further 
determined by motivational factors (health consciousness), the need to apply heuristic pro-
cessing (tasting possible), and the presence of other diagnostic cues that prime the interpreta-
tion of this package cue (product type, color). Neglecting the mechanisms unraveled in this 
paper could lead to suboptimal conclusions. 
Care must be taken not to (over-)generalize the conclusions based on our results 
(e.g., some results were marginally significant). By distinguishing more than two levels of 
color lightness, Study 4 has shown that the magnitude and direction of color effects also de-
pends on the intensity of the contrast product. Please note that some marketers misuse color to 
create the impression of healthiness. For example, in response to the ban of ‘light’ descriptors 
on tobacco products, tobacco companies reportedly substituted light colors and color names to 
reduce risk perceptions and to evade the Food and Drug Administration’s regulatory actions 
(Connolly and Alpert 2014). Promoting such questionable marketing tactics is strictly not 
intended with this paper.  
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7.1 Managerial implications 
Food providers have to be careful when attempting to promote product healthiness 
with the help of pale packages because this cue has different meanings to different shoppers in 
different food retail environments. On the one hand, light tones can be harmful when heuristic 
processing of this cue is not guided by health goals. Marketers therefore should have 
knowledge about the target segment’s health orientation. When targeting health-unaware 
shoppers, there is the distinct possibility that the package is regarded as a signal to a taste de-
crease because these consumers place emphasis on taste (Mai and Hoffmann 2012). When 
addressing this segment or promoting products that are consumed for indulgence, companies 
might differentiate the packaging or they may evade unfavorable taste inferences using darker 
shades (by simultaneously abandoning the benefit of signaling health). On the other hand, 
light tones have a different meaning to health-concerned shoppers. This segment is more like-
ly to pursue a health goal. As health-conscious consumers are more sensitive to health-related 
attributes (Gould 1988; Naylor, Droms, and Haws 2009), they are apt to draw conclusions 
about health benefits. Notably, after having experienced the product, these consumers even 
seem to align the tastiness dimension to their health goal.  
Marketers should consider that unfavorable taste inferences are amplified by one’s 
need to make heuristic inferences. In in-store purchase situations, sensory properties are often 
hidden, especially in terms of product innovations or food products with which shoppers are 
unfamiliar. If marketers make tasting possible by product sampling or front cooking, the nega-
tive taste effect could be reduced. In this case, shoppers are able to rely on actual sensory ex-
periences, rather than taste heuristics. It is important to stress that characteristics of the prod-
uct or retail environment prime the interpretation of the package cue. Inconsistencies with 
other diagnostic cues should be avoided because this weakens the major benefit of communi-
cating superior health. 
Our findings also have vital policy implications. References to health benefits should 
be applied with caution when addressing less health-aware individuals who are the prime tar-
get of prevention campaigns. These consumers are less willing to process health information 
or to follow advice for “good” eating behaviors (Block et al. 2011; Hamilton et al. 2000). Un-
der the worst condition, they develop reactance. Our results corroborate that less health-aware 
consumers are susceptible to associating a health cue with a lack of taste, especially if this 
attribute is hidden. Thus, when selling healthy foods to less health-aware shoppers, pale pack-
ages can have a deterrent effect, instead of nudging at-risk shoppers towards healthier choices. 
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Employing darker tones could be a way – among others (Mai et al. 2014) – to compensate for 
a perceived taste decrease. 
 
7.2 Limitations and future research 
This work has some limitations calling for more research. From a conceptual per-
spective, the paper has identified two key variables to moderate the opposing implications of 
light-colored packaging. Beyond motivational factors, other consumer characteristics may 
play a moderating role, such as volitional factors (e.g., self-control; self-efficacy, Bandura 
1986) or affective variables (e.g., emotional ability, Kidwell, Hasford, and Hardesty 2015). 
We have shown that the positive health effect and the negative taste effect depend on the 
goals that are active at the time of judgment. Other goals may also modify these influences 
(e.g., social approval, satiation, Suher, Raghunathan, and Hoyer 2016). Intriguingly, Studies 
3a and 3b reveal that some subjects even draw positive conclusions about taste, albeit product 
composition was held constant. Future studies should elaborate on the conditions under which 
the negative taste effect is reversed because this could be a lever for bridging the (expected) 
taste deficit of a health cue. Our research builds on the notion that light colors activate heavi-
ness associations through metaphors and symbolic meaning that spill over to healthiness eval-
uations. Although prior research confirmed this associative linkage for colors (Pinkerton and 
Humphrey 1974; Karnal et al. 2016; Locher et al. 2005), more research on the underlying 
mechanisms is needed. To elaborate on the mediating role of heaviness associations, future 
studies should employ measurements of perceived heaviness (e.g., Deng and Kahn 2009). 
Finally, colors can have different meanings across cultures (Aslam 2006; Madden, Hewett, 
and Roth 2000) and food associations vary due to local food heritage (Werle, Trendel, and 
Ardito 2013). Thus, cross-cultural studies should validate the opposing inferences. 
From a methodological standpoint, Studies 2 and 3a/b pinpoint that consumer re-
sponses vary considerably between isolated (visual cue only) and multi-sensory research de-
signs (visual and sensory cues). When investigating food decisions, marketing scholars often 
employ pictures of foods or mock-up packages (e.g., in online studies with MTurk workers). 
Yet, the results of such designs are limited to in-store or first purchase situations when judg-
ments are based on visual inspection only. Since oral sensory information is not accessible, 
heuristics inferences are likely. Some prior studies therefore may have overestimated certain 
cognitive processes of food decisions, while others may have underestimated the role of im-
plicit processes (oral haptics, habits, Biswas et al. 2014). Researchers should bear in mind that 
repeated purchases are common in a food context and often taste is known from prior experi-
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ence. Holistic study designs with real food products will help to avoid the risk of misleading 
conclusions. Additionally, Studies 2 to 4 apply a very conservative test of our conceptual 
framework by examining one condition in a single-product context. As indicated by the strong 
effects in Study 1b and in line with prior research (e.g., Deng and Kahn 2009), it is plausible 
to assume that the opposing package color effects are even stronger in a store shelf setting 
when light-colored packages are placed next to regular or darker packages. Future research 
should examine such contrasting or assimilating context effects. 
Lastly, the implications of this work might extend beyond health issues. Color inten-
sity is used as a salient visual cue to spotlight further seemingly positive product features 
(e.g., light green packaging to signal sustainability), but which are also known to affect other 
valued attributes (e.g., product strength, quality) with negative implications for the final deci-
sion (Luchs et al. 2010). The opposing effects of this subtle cue should therefore be explored 
in other contexts too.  
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Web Appendix 
This Web Appendix provides additional information and gives further details for the 
analyses reported in the full paper.  
 
Study 2: Moderation of the opposing package color effects 
In this section, we provide further details on the data analysis of Study 2. More spe-
cifically, we show how the difference between color-induced tastiness and healthiness as-
sessments is passed on to the formation of purchase intentions. 
 
Implications of the gap between tastiness and healthiness for the formation of purchase inten-
tions 
We examine the impact of package color on the conflict between taste and health. 
For the pre-consumption situation (when oral sensory information is not available through 
tasting), a t-test demonstrates that package color increases the extent to which the evaluations 
of tastiness surpass health evaluations (t(177) = 2.644, pone-tailed < .01). While products with 
regular packaging are perceived more tasty than healthy (tasty-healthy difference score: 
∆M = .24), the products with light-colored packaging are perceived relatively healthier than 
tasty (∆M = -.21). We observe the same pattern for the post-consumption situation when also 
sensory information is available through tasting (t(177) = 1.668, pone-tailed < .05; 
∆Mregular = .15, ∆Mlight = -.13).  
To assess the implications for consumer decision making, regression analyses with 
the tasty-healthy difference score as the independent variable shows that the extent to which 
tastiness evaluations surpass healthiness evaluations fosters the intent to purchase (sensory 
information not available: β = .24, t = 3.309, p < .001; available: β = .26, t = 3.625, p < .001). 
We applied the Preacher-Hayes (2004) bootstrapping procedure (10,000 samples) to analyze 
the indirect effect of packaging color through the widening gap in the tastiness and healthi-
ness judgments. As the bias-corrected 95% confidence intervals (CI) do not include zero, the 
indirect effects (IE) are significant in the pre-consumption situation (IE = -.10, CI = -.22 to     
-.01) and the post-consumption situation (IE = -.07, CI = -.20 to -.00). As will be shown next, 
the opposing consequences of light-colored packages are dependent on the two suggested 
boundary conditions. 
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Moderating effect of health consciousness depending on the consumption timing  
Regression analyses were conducted to quantify the impact of package color on 
product tastiness, healthiness, and purchase intentions in the different consumption situations 
(i.e., when oral sensory information is missing or available). The analyses further indicate that 
some of the color-induced influences (direct effects and effects of the mediators) are qualified 
by the level of health consciousness (Table A.1). 
 
Table A.1. Influences on the evaluations of tastiness, healthiness, and purchase intentions 
depending on the level of health consciousness. 
 Tastiness  Healthiness  Purchase intention  
Sensory information not available β t p  β t p  β t p  
Light-colored packaging  -.12 -1.561   .11 1.457   .01 .131   
Health consciousness .15 2.058 *  .00 -.006   .05 .667   
Light-col. packaging×health conscious-
ness 
.09 1.216   .06 .745   .02 .234   
Tastiness         .44 5.945 ***  
Tastiness×health consciousness         -.10 -1.286   
Healthiness         .04 .508   
Healthiness×health consciousness         .10 1.411   
             
 Tastiness  Healthiness  Purchase intention  
Sensory information available β t p  β t p  β t p  
Light-colored packaging  .03 .463   .18 2.384 *  -.04 -.624   





.15 2.052 *  .11 1.455   -.01 -.215   
Tastiness         .55 8.390 ***  
Tastiness×health consciousness         -.13 -1.855 
+ 
 
Healthiness         .09 1.385   
Healthiness×health consciousness         .19 2.750 **  
Notes. Regression (OLS), 
+
 p ≤ .1, * p ≤ .05, ** p ≤ .01, *** p ≤ .001. 
 
Table A.2 shows the results of the mixed-design ANOVA with color intensity as the 
between-subjects factor and the consumption situation (sensory information available vs. 
missing) and the tastiness and healthiness evaluations as the within-subjects variables (Model 
1a). Model 1b further includes health consciousness as a continuous variable. 
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Table A.2. Tastiness-healthiness evaluations depending on the package color and the availa-
bility of oral sensory information (Model 1a) as well as the level of health consciousness 
(Model 1b). 
 Model 1a  Model 1b  
 F p  F p  
Within-subjects factors       
Tastiness-healthiness .025   .022   
Tastiness-healthiness × sensory information .003   .003   
Tastiness-healthiness × color 6.623 *  6.739 **  
Tastiness-healthiness × health consciousness    1.447   
Tastiness-healthiness × color × health consciousness    .319   
Sensory information .011   .017   
Sensory information × color 2.923 +  3.231 +  
Sensory information × health consciousness    7.457 **  
Sensory information × color × health consciousness    .899   
Tastiness-healthiness × sensory information × color .774   .828   




 2.059   




 .016   
  
 
    
Between-subjects factors  
 
    
Color .893   .914   
Health consciousness    .040   
Color × health consciousness  
 
 3.621 +  
Notes. Mixed-design ANOVA, level of significance: 
+
 p ≤ .1; * p ≤ .05, ** p ≤ .01, *** p ≤ .001. 
 
Study 3a: Less healthy product variants enhance the negative taste effect (potato chips) 
Study 3a used the instruments of Study 2: product tastiness (Mround 1 = 3.92, α = .73; 
Mround 2 = 4.30, α = .75), healthiness (Mround 1 = 2.33, α = .84; Mround 2 = 2.28, α = .90), pur-
chase intention (Mround 1 = 3.19, α = .82; Mround 2 = 3.51, α = .89), and health consciousness 
(M = 4.93, α = .80). 
To examine the interplay of the availability of oral sensory information (Model 2a), 
mixed-design ANOVA with color intensity (between-subjects factor), the availability of the 
sensory cue (within-subjects factor) and the tastiness/healthiness judgments (within-subjects 
dependent variable) reveal a strong interaction effect among the three factors 
(F(1, 204) = 7.056, p < .01, Table A.3). When including health-consciousness (Model 2b), 
this effect is further qualified by the level of health-consciousness (F(1, 202) = 5.126, 
p < .05).  
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Table A.3. Tastiness-healthiness evaluations depending on the package color and the availa-
bility of sensory information (Model 2a) as well as the level of health consciousness  
(Model 2b). 
 Model 2a  Model 2b  
 F p  F p  
Within-subjects factors       
Tastiness-healthiness .000   .003   
Tastiness-healthiness × sensory information .000   .008   
Tastiness-healthiness × color .273   .314   
Tastiness-healthiness × health consciousness    .927   
Tastiness-healthiness × color × health consciousness    1.722   
Sensory information .000   .001   
Sensory information × color 2.480   2.484   
Sensory information × health consciousness    .027   
Sensory information × color × health consciousness    .889   
Tastiness-healthiness × sensory information × color 7.056 **  7.182 **  




 .014   




 5.126 *  
  
 
    
Between-subjects factors  
 
    
Color .650   .769   
Health consciousness    2.737 +  
Color × health consciousness  
 
 2.787 +  
Notes. Mixed-design ANOVA, level of significance: 
+
 p ≤ .1; * p ≤ .05, ** p ≤ .01, *** p ≤ .001. 
Table A.4 illustrates the interplay between package color and the availability of oral 
sensory information by distinguishing between both consumption situations. Separate mixed-
design ANOVAs were conducted for the situation when oral sensory information was absent 
or present. 
 
Table A.4. Tastiness-healthiness evaluations depending on package color and the level of 
health consciousness (broken down by the availability of sensory information). 
 Sensory information not 
available (visual perception 
only) 
 Sensory information availa-
ble (tasting possible) 
 
 F p  F p  F p  F p  
Within-subjects factor              
Tastiness-healthiness .000   .000   .000   .008   
Tastiness-healthiness × color 2.987 +  3.090 +  .612   .573   
Tastiness-healthiness × health consciousness    .829      .627   
Tastiness-healthiness × color × health con-
sciousness 
   .010      4.887 *  
  
 
          
Between-subjects factor  
 
          
Color .002   .000   2.175   2.366   
Health consciousness    1.854      2.362   
Color × health consciousness  
 
 3.632 +     1.025   
Notes. ANOVA, level of significance: 
+
 p ≤ .1; * p ≤ .05, ** p ≤ .01, *** p ≤ .001. 
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As in Study 2, regression analyses were conducted to examine whether the indirect 
effect is contingent on the level of health consciousness. The analysis quantifies the package 
color’s influence on the participant’s perception of product tastiness, healthiness, and pur-
chase intentions for both consumption situations, namely, when oral sensory information is 
missing (i.e., visual perception only) and when sensory information is available (i.e., tasting 
possible). In line with Study 2, the level of health consciousness moderates some of the color-
induced effects (Table A.5).  
 
Table A.5. Influences on the evaluations of tastiness, healthiness, and purchase intentions 
depending on the level of health consciousness. 
Regression (OLS) Tastiness  Healthiness  Purchase intention  
Sensory information not available β t p  β t p  β t p  
Light-colored packaging  -.08 -1.177   .08 1.194   -.00 -.059   
Health consciousness -.03 -.390   -.11 -1.624   .03 .431   
Light-col. packaging×health con-
sciousness 
.09 1.336   .10 1.479   .00 .042   
Tastiness         .61 10.729 ***  
Tastiness×health consciousness         .01 .094   
Healthiness         -.06 -.992   
Healthiness×health consciousness         .10 1.686 
+
  
             
 Tastiness  Healthiness  Purchase intention  
Sensory information available β t p  β t p  β t p  
Light-colored packaging  .11 1.633   .04 .612   -.04 -.701   
Health consciousness -.04 -.582   -.12 -1.672 
+





-.05 -.763   .16 2.258 *  .06 1.011   
Tastiness         .59 9.915 ***  
Tastiness×health consciousness         -.09 -1.393 
 
 
Healthiness         -.02 -.302   
Healthiness×health consciousness         .00 .032   
Notes. Regression (OLS), 
+
 p ≤ .1, * p ≤ .05, ** p ≤ .01, *** p ≤ .001. 
 
The magnitude of the indirect effects at the different levels of health consciousness – 
which were estimated using the Preacher-Hayes (2004) bootstrapping procedure – is present-
ed in Table A.6. As in the full paper, the results show the estimated indirect effects at differ-
ent percentiles of health consciousness. The lower part of this table also indicates the indirect 
effects for three equal groups that were derived by splitting the sample according to the level 
of health consciousness (tertiary split). 
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Table A.6. Conditional indirect effects of light-colored packages on purchase intention 
through the mediators at different levels of health consciousness in the different consumption 
situations. 
Spotlight Analysis Evaluation when sensory information is  
 not available  available  
Mediators Tastiness  Healthiness  Tastiness  Healthiness  
 IE BS  IE BS  IE BS  IE BS  
Percentiles for health con-
sciousness 
            
10
th
 -.25 *  .02   .26 +  .01   
25
th
 -.17 +  -.00   .19 +  .00   
50
th





 -.00   .08   -.01   
90
th
 .04   .01   .05   -.01   
Tertiary split Evaluation when sensory information is  
 not available  available  
Mediators Tastiness  Healthiness  Tastiness  Healthiness  
 IE BS  IE BS  IE BS  IE BS  
Health consciousness             
low (n=68, M=3.71) -.31 *  .02   .17   .03   
moderate (n=70, M=5.00) -.02 
 
 -.05   .14   .01 
 
 
high (n=68, M=6.09)  -.00   .03   .08 
 
 .00   
Notes. IE… indirect effect, BS… bootstrapping (10,000 samples), ** 99%-CI ≠ 0, * 95%-CI ≠ 0, + 90%-CI ≠ 0. 
 
Study 3b: More healthy product variants enhance the positive health effect (fruit cereal 
bar) 
Also Study 3b used the instruments of Study 2: product tastiness (M = 4.75, α = .84), 
healthiness (M = 3.78, α = .71), purchase intentions (M = 3.51, α = .76), and health con-
sciousness (M = 4.87, α = .81). We followed the same approach that was used in Study 3a to 
analyze the data. Note that the sensory information factor (visual perception only vs. tasting 
possible) was specified as a between-subjects factor in this study. Table A.7 shows the inter-
play between the experimental factors and the tastiness/healthiness evaluations (within-
subjects dependent variable), excluding health consciousness as a continuous independent 
variable (Model 3a) or including this motivational variable (Model 3b). 
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Table A.7. Tastiness-healthiness evaluations depending on package color and the availability 
of sensory information (Model 3a) as well as the level of health consciousness (Model 3b). 
 Model 3a  Model 3b  
 F p  F p  
Within-subjects factors     
Tastiness-healthiness .001   .023   
Tastiness-healthiness × sensory information .240   .323   
Tastiness-healthiness × color .063   .088   
Tastiness-healthiness × health consciousness    .660   
Tastiness-healthiness × sensory information × color 3.302 +  3.483 +  




 .726   
Tastiness-healthiness × color × health consciousness  
 
 .032   




 .013   
  
 
    
Between-subjects factors  
 
    
Sensory information .624 
 
 .266   
Color 3.070 +  1.925   
Health consciousness    .170   
Sensory information × color .083 
 
 .042   
Sensory information × health consciousness  
 
 .015   
Color × health consciousness  
 
 .445   
Sensory information × color × health consciousness  
 
 6.949 **  
Notes. Mixed-design ANOVA, level of significance: 
+
 p ≤ .1; * p ≤ .05, ** p ≤ .01, *** p ≤ .001. 
 
Table A.8 then shows the regressions for the different consumption situations (i.e., 
when sensory information is not available or available). Table A.9 presents the conditional 
indirect effects of package color intensity on purchase intentions via perceived product health-
iness and product tastiness in the different consumption situations. We did not conduct the 
tertiary split because the consumption situation was specified as a between-subjects factor. 
 
Table A.8. Influences on the evaluations of tastiness, healthiness, and purchase intentions 
depending on the level of health consciousness. 
Regression (OLS) Tastiness  Healthiness  Purchase intention  
Sensory information not available β t p  β t p  β t p  
Light-colored packaging  .05 .385   .21 1.660   .05 .448   
Health consciousness .03 .192   .02 .135   -.13 -1.133   
Light-col. packaging×health con-
sciousness 
-.27 -2.115 *  -.21 -1.618   .11 .885   
Tastiness         .66 6.073 ***  
Tastiness×health consciousness         .03 .235   
Healthiness         .04 .377   
Healthiness×health consciousness         .04 .333   
             
 Tastiness  Healthiness  Purchase intention  
Sensory information available β t p  β t p  β t p  
Light-colored packaging  .22 1.743 +  -.03 -.263   .06 .558   





.12 .936   .14 1.094   -.02 -.190   
Tastiness         .59 5.509 ***  
Tastiness×health consciousness         .08 .740 
 
 
Healthiness         .09 .887   
Healthiness×health consciousness         -.15 -1.316   
Notes. Regression (OLS), 
+
 p ≤ .1, * p ≤ .05, ** p ≤ .01, *** p ≤ .001.  
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Table A.9. Conditional indirect effects of light-colored packages on purchase intention 
through the mediators at different levels of health consciousness in the different consumption 
situations. 
Spotlight Analysis Evaluation when sensory information is  
 not available  available  
Mediators Tastiness  Healthiness  Tastiness  Healthiness  
 IE BS  IE BS  IE BS  IE BS  
Percentiles for health 
consciousness 
            
10
th
 .57 +  -.02   .05   -.13   
25
th
 .24   .01   .16   -.03   
50
th





 .01   .32 *  .00   
90
th
 -.37   -.00   .40 *  -.01   
Notes. IE… indirect effect, BS… bootstrapping (10,000 samples), ** 99%-CI ≠ 0, * 95%-CI ≠ 0, + 90%-CI ≠ 0. 
 
Study 4: Dependency on product healthiness (intra-product comparison) 
The last experiment in our series of studies manipulates product healthiness for the 
very same product. Next, we provide further information on the measurement and the ra-
tionale that guided the manipulation of the stimulus materials. We also present the full ANO-
VA models.  
 
Measurement of the relevant variables 
Owing to the fact that Study 4 examines a product from the product category bever-
ages, we slightly adapted and extended the measurements. The questionnaire asked the sub-
jects to assess product healthiness using a four-item seven-point semantic differential scale 
(M = 5.07, α = .77; “healthy/unhealthy”, “rich/poor in vitamins”, “calorie-rich/poor”, “ener-
gy-dense/poor”) and tastiness with a four-item seven-point semantic differential scale 
(M = 5.16, α = .93; “tasty/ less tasty”, “enjoyable/not enjoyable”, “appetizing/unappetizing”, 
“fruity/not fruity”). The participants also indicated their purchase intentions using a three-item 
seven-point Likert scale (M = 4.44, α = .91; e.g., “I will buy this product.”, “Next time I buy 
orange juice, I will buy this product”, “I would prefer this product over other products.”). We 
also measured several control variables (thirst, body mass index, age, gender, interestingness, 
liking of orange juice). Even though, we do not analyze this in the full paper, we measured the 
participant’s level of health consciousness with the help of the instrument that was used in the 
previous studies (M = 4.99, α = .81). 
 
Rationale for the manipulation of the treatment 
As in Study 2, the choice of the product and the manipulation of the stimulus materi-
als build on exploratory interviews. We used orange juice as the focal product, because most 
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consumers are familiar with this type of product and we did not expect many consumers to 
dislike orange juice. To manipulate the treatment conditions, we systematically varied the 
labeling. Great care was taken to ensure a subtle manipulation that allows keeping most ele-
ments of the label constant as well as the product itself. Since the interviews implied that pure 
squeezed fruit juice (i.e., not from concentrate) is associated with health benefits, the label 
indicated that the product was either pure squeezed juice or juice from concentrate. The la-
bel’s color was either green (which the respondents associated with healthy nutrition) or blue 
(which was perceived neutral). Again, color intensity was manipulated by increasing (or de-
creasing) color lightness to keep the type of color constant (green hue value = 89, satura-
tion = 255; blue: hue = 157, saturation = 255). To derive a finer graduation than in Study 1 
and to check for non-linear effects, we applied three levels of color intensity. Lightness values 
were selected in such a way that the visual appearance is similar for green (lightness val-
ues = 102, 69 and 25) and blue tones (182, 98 and 50). 
Although we used a fictitious brand (“Nadera”), the label’s design was inspired by 
that of real brands. The label contains elements that are commonly used (e.g., pictures of or-
anges, brand logo) and it shows all mandatory declarations (e.g., nutrition facts, best-before 
date). The manipulated labels were affixed to glass bottles with a brass-colored cap. All bot-
tles contained regular orange juice. A qualitative pretest (ten subjects) checked for ecological 
validity of the stimulus material. The labels and the manipulation were perceived as realistic. 
 
Results 
As in the previous studies, mixed-design ANOVA was conducted with the experi-
mental factors and the evaluations of product tastiness and healthiness as the repeated de-
pendent variable (Model 4a). The results clearly show that each experimental factor moder-
ates the tastiness-healthiness evaluations (color intensity: F(2, 228) = 4.463, p < .05; type of 
color: F(1, 228) = 4.766, p < .05; type of product: F(1, 228) = 3.242, p = .07). Even more im-
portantly, there is a marginally significant interaction effect among the three experimental 
factors (F(2, 228) = 2.698, p = .07). In Model 4b, we additionally included health conscious-
ness as a continuous variable. The results remain relatively stable and health consciousness 
further moderates some of the two-way and three-way interactions (Table A.10). 
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Table A.10. Tastiness-healthiness evaluations depending on package color lightness, the type 
of color, and the type of product (Model 4a) as well as the level of health consciousness 
(Model 4b). 
 Model 4a  Model 4b  
 F p  F p  
Within-subjects factors     
Tastiness-healthiness .000   .090   
Tastiness-healthiness × color intensity 4.463 *  4.077 *  
Tastiness-healthiness × type of color 4.766 *  2.691   
Tastiness-healthiness × type of product 3.242 +  3.098 +  
Tastiness-healthiness × health consciousness    1.786   
Tastiness-healthiness × color intensity × type of color .542   .180   
Tastiness-healthiness × color intensity × type of product .620 
 
 1.325   
Tastiness-healthiness × color intensity × health consciousness  
 
 .819   
Tastiness-healthiness × type of color × type of product 1.280 
 
 1.402   
Tastiness-healthiness × type of color × health consciousness  
 
 .070   
Tastiness-healthiness × type of product × health consciousness  
 
 1.007   
Tastiness-healthiness × color intensity × type of color × type of 
product 
2.698 +  2.762 +  
Tastiness-healthiness × color intensity × type of color × health 
consciousness 
   2.716 +  
Tastiness-healthiness × color intensity × type of product × 
health consciousness 
   .527   
Tastiness-healthiness × type of color × type of product × health 
consciousness 
   1.174   
Tastiness-healthiness × color intensity × type of color × type of 
product × health consciousness 
   .328   
  
 
    
Between-subjects factors  
 
    
Color intensity 11.327 ***  8.942 ***  
Type of color 9.928 **  9.922 **  
Type of product 20.064 ***  13.501 ***  
Health consciousness    .000   
Color intensity × type of color 1.832   2.614 +  
Color intensity × type of product 2.542 +  3.780 *  
Color intensity × health consciousness    .820   
Type of color × type of product .019   .520   
Type of color × health consciousness    3.666 +  
Type of product × health consciousness    .333   
Color intensity × type of color × type of product 1.320   1.792   
Color intensity × type of color × health consciousness    2.936 +  
Color intensity × type of product × health consciousness    1.531   
Type of color × type of product × health consciousness   1.974   
Color intensity × type of color × type of product× health con-
sciousness 
  1.038   
Notes. Mixed-design ANOVA, level of significance: 
+
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E.2 – Have an eye on the buckled cucumber: An eye tracking study on visu-
ally suboptimal foods 
 
Abstract 
Waste is an ever growing problem in the food supply chain, starting in the production up to 
the consumers’ households. A precondition for a consumer to purchase a product is to recog-
nize it as an option in the first place. Therefore, in the present study, we investigated eye 
movement behavior on impeccable and visually suboptimal food items in a purchase or dis-
card decision task. Additionally, in some trials price badges of the suboptimal food items 
were designed specifically in order to attract attention. Design changes included messages 
regarding price and taste, respectively, either presented in red or green. The results show that 
the design changes indeed attracted attention towards suboptimal food items in terms of time 
to first fixation, and also prolonged total fixation duration. However, only color yielded dif-
ferences between the design variations, with red resulting in longer total fixation durations. 
Additionally, we inspected choice behavior towards visually suboptimal food items. As can 
be expected, purchase decisions declined for the suboptimal as compared to the impeccable 
items. However, when presented with differently designed price badges, a positive trend to 
purchase the suboptimal items was obtained. Our results show that price badge designs impact 
attention, cognitive processing, and finally also purchase decisions. Therefore, supplying vis-
ually suboptimal food in stores should be embedded into efforts to attract attention towards 
these products, as selling visually suboptimal food might positively impact waste balance in 
the food domain. 
 
Keywords 
Eye tracking, Visually Suboptimal Food, Sustainability, Consumers, Visual Attention 
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1 Introduction 
The food supply chain is a waste chain at the same time – from the very beginning of 
the production up to the consumer at the other end. Current estimates amount food losses to 
about one third of the world's overall food (FAO, 2014). Responsibilities for food waste are 
manifold – production and transport, retailing, and finally, the consumer (for a current over-
view covering the whole production chain, see Raak, Symmank, Zahn, Aschemann-Witzel, & 
Rohm, 2016). The rejection of products with imperfect physical appearance (e.g. buckled cu-
cumber, crushed packages, etc.; Gustavsson, Cederberg, Sonesson, von Otterdijk, & 
Meybeck, 2011) plays a major role in food waste. To let consumers decide whether visually 
suboptimal food could be a purchase option, these suboptimal items have to reach the super-
market shelves. Ecological and sustainability considerations might increase the pressure to 
develop concepts of how to present and sell suboptimal food stimuli in supermarkets 
(Aschemann-Witzel, 2016).  
Shakespeare, in Love's labour lost, stated "Beauty is bought by judgment of the eye." 
This is even more true when considering real products offered in a supermarket. The first con-
tact of a consumer with a potential purchase is usually visual and, vice versa, to become a 
potential choice, a product has to be noted, i.e. visually attended to (Orquin & Loose, 2013). 
Food appearance, in terms of the product itself or the product’s packaging, is relevant for the 
judgment of product quality, and therefore influences whether a consumer makes a purchase 
or rejection decision (Eldesouky, Pulido, & Mesias, 2015).  
For fresh products (vegetables, fruits) often sold without extensive packaging, how-
ever, quality assessment almost solely relies the product itself; therefore, deviations in shape, 
color or size may imply lower quality (Cardello, 1994), leading to rejection in the food chain 
long before reaching the supermarket shelves. The price is always present in shopping situa-
tions either directly on the package or on the supermarket shelves – and therefore, price badge 
design is an important factor in retailing. Especially color proved to impact consumer deci-
sions in various ways (Elliot & Maier, 2014; Paul & Okan, 2011) Puccinelli, 
Chandrashekaran, Grewal, and  Suri (2013) investigated how color (red vs. black) of price 
information influences perceived savings. They showed an advantage for red over black and 
that this effect is gender-specific (only present for male participants). However, as price in-
formation on the advertisements was embedded in additional text elements printed in black, it 
remains unclear whether the effect could be attributed specifically to the color, or rather is – 
on a more abstract level – a result of color singletons (e.g. Horstmann, 2002), automatically 
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attracting attention towards deviating color information (Hochstein & Ahissar, 2002; 
Treisman & Gelade, 1980). 
Consumers’ interest into products can be investigated in many different ways, in-
cluding surveys, questionnaires and direct observations, or by means of recording physiologi-
cal parameters. Among the latter ones, eye tracking is the most promising method to gather 
information of what attracts consumer attention. Measures of gaze behavior are influenced in 
different stages of evaluation processes. Low level, automatic attentional orientation 
(Treisman & Gelade, 1980) results in shorter times until the first fixation in a given area of 
interest (Orquin & Loose, 2013; Shimojo, Simion, Shimojo, & Scheier, 2003). Cognitive pro-
cesses are reflected in fixation durations, with longer durations associated with higher com-
plexity, such as in reading (Rayner, 1998), mental operations (Unema & Rötting, 1990), or 
usability (Goldberg & Kotval, 1999). In general, longer fixations reflect deeper processing of 
the extracted visual information (Velichkovsky, 2002). 
While questionnaire and survey results are often biased towards social desirability, 
the orientation of the eyes provides a most direct measure of visual attention. However, stud-
ies attempting to use this method in real shopping situations (e.g. Chandon, Hutchinson, 
Bradlow, & Young, 2009; Clement, 2007) revealed problems with data quality, and an im-
mense effort for data analysis. Collecting data on choice behavior in a laboratory setting al-
lows for a better experimental control but reduces external validity. More specifically, settings 
are often restricted to dichotomous decisions by presenting only two stimuli in parallel (e.g. 
Shimojo et al., 2003; Simion & Shimojo, 2006; van der Laan, Hooge, de Ridder, Viergever, & 
Smeets, 2015). Such experimental designs have the advantage that each trial results in one 
chosen and one rejected stimulus but the ecological validity of such dichotomous laboratory 
choice situations can be questioned: In a real shopping situation, a purchase decision usually 
comprises more than two items. Therefore, including a larger number of stimuli into a presen-
tation matrix seems logical when investigating consumer decisions. 
In addition to the number of stimuli, their features of appearance are of relevance. 
Basic research distinguishes bottom-up and top-down factors of attention, with bottom-up 
factors including all aspects of visual appearance or salience such as color, contrast, or lumi-
nance (Itti & Koch, 2000). Bialkova and van Trijp (2010) demonstrated the influence of bot-
tom-up features on the search behavior. Top-down aspects also play an important role in cap-
turing attention (Yarbus, 1967): When inspecting a painting repeatedly, it was shown that 
different instructions guide visual attention, resulting in distinguishable fixation patterns on 
the scene. In marketing research, top-down attention is increasingly relevant (Milosavljevic & 
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Cerf, 2008). Consumer intentions, goals, or pre-existing attitudes may bias purchase deci-
sions, thereby possibly overriding first impressions guided by bottom-up processes. 
Bialkova and van Trijp (2011) proposed a methodology for the assessment of visual 
attention deployment in the context of food evaluation, combining eye tracking measures, 
response times, and choice behavior on two simultaneously presented items. The present 
study, in principle, follows this procedure but, to reflect the variety and complexity of food 
products in a real shopping situation, subjects were asked to make choices from matrices with 
eight food items. The matrices contained what we denote relevant items, and their appearance 
was systematically varied over the condition: it could be an impeccable product, a visually 
suboptimal version of the same product, or the suboptimal version supplemented with a spe-
cifically designed badge.  
With this set-up, we aimed to test four hypotheses. (1) Items with specifically de-
signed price badges attract attention, reflected by shorter times to first fixation. This hypothe-
sis is motivated by findings regarding pop out (Hochstein & Ahissar, 2002; Treisman & 
Gelade, 1980), but also by the assumption that time to first fixation plays an important role in 
decision formation (Shimojo et al., 2003). (2) Items with specifically designed price badges 
are processed more deeply (i.e. with greater effort), reflected by longer total fixation durations 
(e.g. Just & Carpenter, 1976; Velichkovsky, 2002). (3) Differently designed price badges at-
tract attention not only to the item containing the information, but also shift attention towards 
the price region. The color of price information impacts cognitive processing of this infor-
mation (Puccinelli et al., 2013), and attracts attention on a micro-level. (4) Differently de-
signed price badges increase the probability of purchase of visually suboptimal products, but 




30 subjects (N = 21 female, mean age 40 years, SD = 14.6 years) participated in the 
study. Participants were recruited with the help of a marketing research agency. Inclusion 
criteria were full age, working or retired, involved in food shopping and in the preparation of 
meals. All participants had normal or corrected to normal vision. The study was conducted in 
line with the declaration of Helsinki. Subjects were rewarded € 20 for participation. 
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2.2 Materials 
In the experiment, subjects were presented matrices comprising food items, arranged 
in a 3x3 grid, with the central position left empty to avoid central gazing bias (Atalay, Bodur, 
& Rasolofoarison, 2012; Tatler, 2007). The raw material for constructing the matrices con-
sisted, on the one hand, of eight food items (cucumber, banana, piece of butter, juice carton, 
carrot, apple, milk carton, pile of cookies). Each of these baseline items was composed of an 
image of a typical supermarket product in the center, with a price badge in the lower right 
corner. Additional eight items were photographed as visually suboptimal versions, i.e. a buck-
led cucumber, a pile of partially crumbled cookies, an apple with a small brown spot etc. The-
se suboptimal items were also presented with differently designed price badges. Two aspects 
of the price badges were manipulated: color and information. Color could be either green or 
red, and the information added was either "Great in taste" or "Small in price", resulting in four 
combinations. For the information "Small in price", the depicted price on the price badge had 
a 50 percent discount as compared to the other items (see Figure 1 for examples). 
 
 
Fig. 1. Examples of baseline version (left), visually suboptimal version (2nd from left, sub), 
and all four combinations of color and information manipulations (sublabel). Note the actual 
50% discount for price information. 
 
Summarized, there were 48 relevant item versions: eight baseline items of optimal 
visual appearance, eight visually suboptimal items of the same products, and 32 visually 
suboptimal items with added labels (2 colors x 2 information x 8 items). These 48 relevant 
items were accompanied by, on the other hand, 32 filler items. Their appearance was the same 
as the relevant baseline items, but displayed other food products. Of the resulting total of 80 
food items, 25 were based on images from the food-pics database (Blechert, Meule, Busch, & 
Ohla, 2014); the rest was photographed in house in the same style. 
baseline sub sublabel
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136 matrices were constructed. Within a particular matrix, the same item was not 
shown twice. The three different matrix versions served as conditions for the analyses: 
- 40 matrices constituted the baseline. These matrices contained relevant items of optimal 
visual appearance and filler items. Each item was displayed 8 times. No position re-
strictions were considered for this condition (Figure 2, left). 
- The condition with visually suboptimal items comprised 32 matrices (henceforth sub). 
Using an incomplete Latin square, the 8 relevant visually suboptimal items were spread 
over the positions. Filler items were added randomly (Figure 2, midst). 
- The third condition contained the 32 relevant labeled items (henceforth sublabel). Again a 
Latin square was used to allocate the relevant items to the positions, and filler items 
served to randomly complete the remaining positions in the matrices. 64 matrices were 




Fig. 2. Examples of matrices for the baseline, sub, and sublabel condition, respectively (upper 
row). In the lower row, overlaid scan paths on the same matrices, with circels denoting fixa-
tions, and lines denoting saccades. Circle sizes vary with fixation duration, with higher dura-
tions resulting in larger circles. 
 
2.3 Apparatus 
Participants were seated individually in a dimly lit room. Matrices were displayed 
full screen on a 19-inch CRT monitor (Iiyama Vision Master 451); viewed from a distance of 
60 cm, the resulting viewing angle was approximately 25° vertically and 33° horizontally. 
Screen resolution was 1024 by 768 pixels with a refresh rate of 100 Hz. Eye movements were 
recorded monocularly with a sample rate of 1000 Hz using the SR Research Ltd. EyeLink 
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1000 eye-tracking system (SR Research, Ontario, Canada), with a spatial resolution below 
0.01° and a spatial accuracy of better than 0.5°. Head movements were restrained by a chin 
and forehead rest. Standard online saccade detection algorithm supplied by SR Research was 
used, resulting in saccade identification by deflections of eye position in excess of 0.1°, with a 
minimum velocity of 30° s
−1
 and a minimum acceleration of 8000° s
−2




The study comprised three parts; order was kept constant across participants. First of 
all, subjects filled in a questionnaire on demographic details, diet preferences, allergies, and 
general food related life style. Second, the eye tracking experiment was conducted, and final-
ly, subjects answered a survey collecting data on their general attitudes towards sustainable 
life style, food waste behavior at home, and preferences on food product qualities; survey data 
will not be discussed in this paper. 
For the eye tracking experiment, subjects were asked to find a comfortable position, 
allowing them to keep this position for approximately 40 min. Next, they read the instruction 
on the screen. The task for the subjects was as follows: After a drift correction in the screen 
center, a matrix containing eight food stimuli was presented. Subjects were to thoroughly in-
spect the matrix to answer one of two possible questions presented after the matrix: "Which of 
the objects would you like to keep in your shopping cart?", or "Which of the objects would 
you discard from your shopping cart?". The matrix inspection task was self-paced, i.e. when 
subjects felt ready to answer the question, they could terminate the matrix presentation with a 
mouse click. After that, the matrix disappeared, leaving a pattern of the matrix positions only. 
Then subjects made a mouse click in one of the eight positions to index the selected stimuli. 
The next trial started again with a drift correction. 
After instruction, subjects completed three sample trials, with the opportunity to ask 
questions. Then, the eye tracker was calibrated employing a 9-point calibration. The order of 
the matrices in the following experiment was randomized for each participant. After half the 
trials, subjects were allowed to take a rest of three minutes. 
 
2.5 Data Analysis 
All analyses were conducted using SPSS 22. We followed a multi-step procedure. 
Statistical tests comprised analyses of variance (ANOVAs). When the sphericity assumption 
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was violated, Greenhouse-Geisser corrections were used to compensate; in these cases, epsi-
lon correction is reported additionally.  
For eye movement data, dependent measures were analyzed based on Areas of Inter-
est (AOI), with each food item constituting a single, non-overlapping AOI. Each of the eight 
AOIs had dimensions of 341 by 256 pixels, respectively. Time to first fixation (time until the 
first fixation within the AOI was detected) and total fixation durations (sum of all fixation 
durations within a given AOI) were analyzed. Each AOI can be further divided into a price 
region and a product region, respectively. The price region comprised the lower right part of 
the picture, with 122 by 84 pixels, i.e. 12% of the whole item area. Each AOI attention distri-
bution was measured as the percentage of fixations falling within the price region per item. 
Additionally, item coverage as global measure was obtained, counting how many of the eight 
presented food items were fixated within a single trial. 
In the first step, the three conditions baseline, sub, and sublabel were compared, sep-
arating relevant and filler items. This resulted in a 3 (condition) by 2 (item) repeated measure 
ANOVA. As the number of filler items in the sub and sublabel conditions are always seven, 
while there is only one relevant item, for each subject and each trial (also those from the base-
line condition) one filler item was selected randomly, serving as input for the ANOVAs
10
. In 
the second step, differences within the sublabel condition were explored. Here, only the rele-
vant items were considered, resulting in two (information: price vs. taste) by two (color: green 
vs. red) repeated measures ANOVAs. Choice behavior was measured as percentage of rele-
vant items chosen per condition, and again also within sublabel condition. 
 
3 Results 
3.1 Task difficulty and accurateness 
To test for possible differences between the conditions in terms of task difficulty and 
accurateness, viewing times and item coverage were analyzed. The latter measure denotes the 
number of items looked at in a single trial by a subject. A repeated measures ANOVA with 
condition (baseline, sub, sublabel) as independent variable revealed neither significant differ-
ences for reaction time, F(2, 58) = 1.03, p = .37, ε = .83, 2 = .03, nor for item coverage, 
F < 1. Mean viewing time varied between 6.4 s (sub) and 6.6 s (baseline) per matrix, with 
sublabel in between (6.5 s), while item coverage varied between 6.6 (baseline and sub) and 
6.7 (sublabel) items per trial. 
                                                 
10
 The same analyzes recruiting the means of the seven filler items instead of one randomly selected item re-
vealed similar means and variations and therefore also the same pattern of statistical results. 
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Within the sublabel condition, 2 (color: red vs. green) by 2 (information: price vs. 
taste) repeated measures ANOVAs did not yield significant differences for viewing times, all 
F's < 1.186, with the mean reaction time around 6.5 s. Item coverage within trials reached 
significance for information, F(1, 29) = 7.52, p = .01, 2 = .06. In trials with the price badge 
carrying taste information, more items were covered (mean = 6.7) than when carrying price 
information (mean = 6.5). Neither for color, F < 1, nor for the interaction, F(1, 29) = 1.40, 
p = .25, 2 = .01, further significant differences were observed. 
 
3.2 Eye movement parameters between conditions 
In a first step, all dependent measures (time to first fixation, total fixation duration, 
and attention distribution) were analyzed separately by repeated measures ANOVAs with 
condition (baseline, sub, sublabel) and item (filler, relevant) as independent variables. All 
results of the analyses are presented in Table 1. 
 
Table 1. Eye movement measures for relevant and filler items per condition. Values represent 
mean values, and standard deviations in parentheses. 
 baseline sub sublabel 
Eye movement 
parameters 
filler relevant filler relevant filler relevant 
Time to first fixation (ms) 1781 (604) 1887 (602) 1877 (613) 1738 (514) 2039 (602) 1591 (487) 
Total fixation duration 
(ms) 
599 (257) 693 (332) 559 (241) 759 (406) 540 (222) 998 (563) 
Attention distribution (%) 27 (11) 30 (13) 33 (15) 39 (13) 33 (12) 53 (12) 
Items covered 6.7 (1.4) 6.7 (1.3) 6.6 (1.2) 
 
As can be seen in Table 2, all dependent measures yielded significant interactions of 
item and condition. In accordance with our hypotheses, eye movements falling on relevant 
items differ from those on the filler item depending on condition. 
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Table 2. Statistical summaries of the condition (baseline, sub, sublabel) by item (filler, rele-
vant) repeated measures ANOVAs on time to first fixation, total fixation duration, and atten-
tion distribution. 
Eye movement parameters df (df Error) F 2 ε p 
Time to first Fixation      
Main effect condition 2 (58) <1    
Main effect item 1 (29) 8.11 .07 1 .008 
Interaction 2 (58) 15.57 .14 1 <.001 
Total fixation duration      
Main effect condition 2 (58) 17.11 .06 .84 <.001 
Main effect item 1 (29) 31.03 .29 1 <.001 
Interaction 2 (58) 18.98 .11 .79 <.001 
Attention distribution      
Main effect condition 2 (58) 90.33 .32 1 <.001 
Main effect item 1 (29) 79.65 .22 1 <.001 
Interaction 2 (58) 32.27 .15 1 <.001 
 
Therefore, in a second step, differences between relevant and filler items were calcu-
lated. With condition (baseline, sub, sublabel) as independent variable, repeated measures 
ANOVAs were conducted for each of the three dependent difference measures, i.e. time to 
first fixation, total fixation duration, attention distribution. Results are presented in Table 3. 
 
Table 3. Statistical summaries of the ANOVAs on the difference measures between condi-
tions. 
Eye movement parameters df (df Error) F 2 ε p 
Time to first fixation relevant-filler      
Main effect condition 2 (58) 15.57 .35 1 <.001 
Total fixation duration relevant-filler      
Main effect condition 2 (58) 18.98 .40 .79 <.001 
Attention distribution relevant-filler      
Main effect condition 2 (58) 32.37 .53 1 <.001 
 
Simple post-hoc tests of differences with Bonferroni correction for multiple compari-
sons revealed for all dependent measures the following pattern: No difference between base-
line and sub, but significant differences against sublabel, respectively. Additionally, the dif-
ference measures in each condition were statistically tested with simple t-tests against zero. 
The results are presented in Figure 3. 
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Fig. 3. Differences between relevant and filler item per condition. Statistical statements in 
upper part of the figures denote differences between conditions. Statistical statements inside 
bars denote deviation from zero. Error bars represent 95% confidence intervals. 
Note: n.s. non-significant, * p<.05, ** p<.01, *** p<.001. 
 
3.3 Eye movement parameters within sublabel condition 
Table 4 presents the results obtained for the 2 (information: price vs. taste) by 2 (col-
or: red vs. green) repeated measures ANOVAs within the sublabel condition. No significant 
differences were obtained for time to first fixation, all F's < 1.2. Total fixation duration dif-
fered between color, F(1, 29) = 5.24, p = .03, 2 = .04, but not between information, F < 1. 
Also the interaction of both factors did not reach significance. For attention distribution, a 
significant main effect was obtained for information, F(1,29) = 5.95, p = .02, 2 = .05, but not 
for color, F(1, 29) = 1.76, p = .195. The interaction of both reached significance, 
F(1, 29) = 9.45, p = .005, 2 = .07. 
 
Table 4. Eye movement measures for relevant items, comparing the two by two manipulations 
within the sublabel condition. Values represent mean values and standard deviations in paren-
theses. 
 Color 
 Green Red 
 Information Information 
Eye movement parameters Price Taste Price Taste 
     
Time to first fixation (ms) 1610 (558) 1648 (581) 1534 (620) 1583 (466) 
Total fixation duration (ms) 967 (610) 944 (567) 1056 (567) 1024 (676) 
Attention distribution (%) 50 (14) 55 (14) 55 (14) 54 (13) 
Items covered 6.5 (1.3) 6.6 (1.3) 6.5 (1.3) 6.7 (1.1) 
 
3.4 Choice behavior 
In half of the trials after matrix inspection, subjects were asked for the stimuli they 
would discard from a shopping basket, while in the other half, the question asked for one 
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on gazing behavior concerning the relevant stimuli (Vu, Tu, & Duerrschmid, 2016), it does 
play a role when considering choice behavior. Therefore, the type of question (discard vs. 
keep) was added as independent variable.  
First of all, we were interested in the proportion of relevant stimuli being chosen. For 
each condition by question combination the percentage of chosen relevant stimuli was calcu-
lated and then administered to a 3 (condition: baseline, sub, sublabel) x 2 (question: purchase 
vs. discard) repeated measures ANOVA. There was a significant main effect of condition, 
F(2, 58) = 7.02, p = .002, 2 = .08, but not of question, F<1. However, the interaction of both 
reached significance, F(2, 58) = 13.86, p < .001, ε = .796, 2 = .10. For the discard question, 
there was no significant difference between the conditions, F < 1. However, for the purchase 
question, condition differed significantly, F(2, 58) = 22.60, p < .001, 2 = .44, with 34% in the 
baseline, 12% in the sub, and 18% in the sublabel condition. However, Bonferroni corrected 
post-hoc test reveals the difference of interest between sub and sublabel to be non-significant, 
p = .182 (Figure 4). 
 
Fig. 4. Proportion of relevant stimuli chosen in baseline, sub, and sublabel condition, respec-
tively; Error bars represent 95% confidence intervals. 
 
In a second step, we analyzed possible effects of information and color within the 
sublabel condition. A 2 (question: keep vs. discard) x 2 (color: red vs. green) by 2 (infor-
mation: price vs. taste) repeated measures ANOVA was conducted on the proportion of rele-
vant stimuli selected. There was a significant main effect for information, F(1, 29) = 5.99, 
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No further main effects were obtained, all F's < 4.04, p's > .054. However, the 3-way interac-
tion of question, color, and information had a substantial influence, F(1, 29) = 9.09, p = .005, 
2 = .02.  
To further investigate the influence of the question on the results, two additional re-
peated measures ANOVAs with color (red vs. green) and information (price vs. taste) as inde-
pendent variables were conducted separately. For the discard question, neither color, 
F(1, 29) = 2.78, p = .106, nor information, F < 1, reached significance level, but the interac-
tion of both did, F(1, 29) = 15.54, p < .001, 2 = .12. As can be seen in Figure 5 (left), prod-
ucts with red color and price information (M = 28%) were most often chosen, followed by 
green/taste combination (M = 26%), whereas red/taste (M = 21%) and green/price (M = 18%) 
received lowest choice probabilities. For the purchase question, the results are more straight-
forward: no significant influence of color, F < 1, but clearly for information, F(1, 29) = 6.78, 
p = .014, 2 = .12, and with no interaction between the factors, F < 1. With prices reduced 
(M = 24%), purchase decision was substantially higher than with the taste information 
(M = 13%) provided (Fig. 5, right). 
 
Fig. 5. Interaction of color and information in trials with discard question (left), and with pur-
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4 Discussion 
The results of the present study showed that price badge design has an impact on eye 
movement behavior. Food items with deviating price badges were looked at faster, inspected 
longer, and within the food item, more fixations towards the deviating price badge were ob-
tained. The analyses of the color and information variations of the price badges, however, 
revealed a more differentiating pattern: There was no influence on time to first fixation, but 
longer inspection times on red items. Both attention distribution and item coverage was higher 
in trials containing food items that carried the taste information. The choice behavior varied 
with conditions and task: Purchase decisions for relevant items dropped in the sub condition, 
while the percentage of choice remained stable over the conditions for the discard question. 
Analyses of reaction and item coverage on a global level between conditions did not 
differ, showing that the manipulations did not increase task difficulties, nor did they impact 
the subjects' accuracy in global scanning behavior. However, rather surprisingly, we found a 
significant difference of item coverage within the sublabel condition, i.e., more items were 
covered when the price badge emphasized taste as compared to when it carried price infor-
mation. An explanation for this finding could be based on consumer anticipation regarding 
suboptimal food: Price reduction is expectable, whereas an information on taste quality might 
lead to further scanning of the offered items. 
The analyses on time to first fixation supports our first hypothesis, showing that col-
ored price badges with additional information attract attention. Presumably, this can be ex-
plained with an effect known from basic psychological research, i.e. pop out (Hochstein & 
Ahissar, 2002; Treisman & Gelade, 1980). Objects that differ in one salient feature, in this 
context namely color and form, tend to be found and attended to without effort, possibly in a 
rather automatic way. This interpretation is supported by the fact that no further differentia-
tion between colors and information on the price badges was obtained. It could have been 
speculated that the color red attracts attention more readily than green (Puccinelli et al., 2013). 
However, as all products were presented in color, the deviation of price badge design as such 
served as a cue attracting attention. 
Our second hypothesis proposed higher total fixation durations for food items with 
specifically designed price badges. Total fixation duration is usually interpreted as a measure 
of cognitive processing, with higher durations reflecting higher interest (Castellanos et al., 
2009), deeper processing (Velichkovsky, Joos, Helmert, & Pannasch, 2005), or greater effort 
(Just & Carpenter, 1976). Impeccable products, serving as filler items remained relatively 
constant in this aspect, showing that attentional engagement on them was not influenced by 
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the differing appearance of the relevant items. However, relevant items were not only looked 
at longer when being visually suboptimal or amended with colorful price badges, but also in 
the impeccable version. Presumably, this effect might be due to the randomized order of trials, 
leading to higher interest in these products also in the baseline as compared to the filler items. 
Total fixation duration differed between color designs, revealing red to catch more attention 
than green. Taken together with the results from time to first fixation, it appears that the color 
red does not attract attention faster (at least in the present context), but to trigger deeper pro-
cessing. Note, however, that total fixation duration is an integrated measure, that informs 
about processing depth, but does not differentiate between a small number of long fixations, 
and a large number of short fixations. Therefore, in upcoming research, we will consider bot-
tom-up aspects of attention, re-fixations, and processing efforts separately, and in more detail. 
Food appearance and price play an important role in purchase decisions (Menichelli, 
Olsen, Meyer, & Næs, 2012). Eye tracking allows disentangling attentional engagement on 
the different information (Bialkova & van Trijp, 2011). Here, we could show that attentional 
deployment towards price information is increased when looking at visually suboptimal food 
products, supporting our third hypothesis. The effect is strongest when the price badge is spe-
cifically designed, but already significantly different from surrounding impeccable items, 
when the price badge has exactly the same design. The message of this result is twofold: (1) 
Visual impairment of products is perceived as a cue of lowered quality, possibly leading to an 
expectation of price reduction as compensation. Therefore, more fixations are directed into 
the price region. (2) With distinct price labels attached to the product, automatic attention 
attraction and expectation interfere, leading to tremendous shifts of attention towards the price 
region. Highest values of attention distribution were found for price badges containing taste 
information. A possible explanation for this result could be an intensified balancing process of 
product judgment. From a methodological point of view, the spatial distinction of product and 
price turned out fruitful, allowing to easily disentangle attention on these two sources of in-
formation. 
Testing the fourth hypothesis on choice behavior resulted in a clear pattern: When 
confronted with the discard question, the percentage of chosen relevant items remained stable, 
independently of the visual appearance. This quantitative result is also reflected in post-hoc 
interviews with the participants, with a common statement that, over the course of the exper-
iment, subjects consolidated a personal ranking of the offered food items. This ranking seems 
indeed to be independent of visual appearance, i.e., a subject disliking bananas will dislike 
them in any kind of appearance. When asked for an item to purchase, choice rate drops for 
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visually impaired items, as has been shown before (Loebnitz, Schuitema, & Grunert, 2015). 
However, at least as a trend, we can show that the very same items are chosen more often to 
be purchased when the price badge is differently designed. Additionally, choice rate is signifi-
cantly higher when the price badge carries information on a lower price, and coherently this 
price is also lower. Therefore, we conducted another analysis, only considering trials with 
price badges carrying price information and the purchase question. The 3 (condition) repeated 
measures ANOVA on choice behavior yielded significant differences between conditions, 
F(2,58) = 16.64, p < .001, 2 = .34. Bonferroni corrected post-hoc tests revealed the difference 
between baseline (M = 33.7%) and sub (M = 11.8%), p < .001, and between sub and sublabel 
(M = 23.4%), p = .043, to be significant. The comparison of baseline and sublabel does not 
reach significance level, p = .076. Though this still is highly speculative, these results show 
that there is a significant drop in acceptance of visually impaired food products when offered 
with regular price on a regular badge. However, when the price is reduced and the price badge 
informs about the bargain, the purchase rate increases, and reaches the same level as with the 
impeccable versions of the food product.  
Taken together, the results of the present study shed some new light on the ac-
ceptance of visually impaired food products, and the chances to increase the acceptance by 
means of design and presentation. Differently designed price badges attract early attention and 
provoke deeper processing of the presented information, as compared to impeccable items 
with standard price badges. In the laboratory context of the study also positive effects on ac-
tual choice behavior were obtained. More and more supermarket chains in Europe take the 
decision to offer visually suboptimal food products to their customers. Our results suggest that 
attracting consumer attention towards such items can be achieved by highlighting the price 
badges, thereby overcoming the primary barriers against sustainable shopping behavior 
(Grunert, 2011). To raise the chances of a purchase decision, our results argue for a price re-
duction as the superior cue over the claim of sensual soundness. However, educating consum-
ers to accept visual imperfections on food items – with taste and other quality criteria being 
impeccable, is the claim at hand before the background of ever increasing food waste rates 
(see also Loebnitz et al., 2015). The perceived availability of sustainable goods in the shelves 
still is low (Dickson, 2001; Vermeir & Verbeke, 2006), therefore requiring additional support 
in attracting consumers’ attention.  
  
E.2 – Have an eye on the buckled cucumber: An eye tracking study on visually suboptimal foods 
190 
5 Conclusions 
We showed that specifically designed price badges drag visual attention towards 
suboptimal food stimuli. Although this does not necessarily result in a purchase decision, it 
might have an impact beyond the shopping situation: loosening the claim for perfection in the 
shelves may consumers make rethink their demands towards the visual appearance of food 
stimuli. At the end of the day consumers can make sustainable decisions only when in the 
shops already they get a chance to decide by themselves. A limiting factor of the current study 
is the intermixture of label design manipulation, product identities, and positioning within the 
matrix grids. Further studies will be necessary to disentangle the influences of these sources, 
in order to gain deeper knowledge on possibilities of attracting consumers to consider subop-
timal food worth a buy.  
  
E.2 – Have an eye on the buckled cucumber: An eye tracking study on visually suboptimal foods 
191 
Acknowledgements 
The present research was performed in the framework of the SUSFOOD ERA-net 
'COSUS' project (see https://cosus.nmbu.no/). The funding institution in the context of the 
present study is the German Federal Ministry of Food and Agriculture, Bonn, Germany (grant 
2814ERA02B). The authors would like to thank Mareike Muench and Eileen Roessler for 
help in collecting the data, and two anonymous reviewers for remarks on earlier versions of 
the manuscript.  
 
References 
Aschemann-Witzel, J. (2016). Waste not, want not, emit less. Science, 352, 408-409. 
Atalay, A. S., Bodur, H. O., & Rasolofoarison, D. (2012). Shining in the center: Central gaze 
cascade effect on product choice. Journal of Consumer Research, 39, 848-866. 
Bialkova, S., & van Trijp, H. C. M. (2010). What determines consumer attention to nutrition 
labels? Food Quality and Preference, 21, 1042-1051. 
Bialkova, S., & van Trijp, H. C. M. (2011). An efficient methodology for assessing attention 
to and effect of nutrition information displayed front-of-pack. Food Quality and 
Preference, 22, 592-601. 
Blechert, J., Meule, A., Busch, N. A., & Ohla, K. (2014). Food-pics: an image database for 
experimental research on eating and appetite. Frontiers in Psychology, 5, article 617. 
Cardello, A. V. (1994). Consumer expectations and their role in food acceptance In H. J. H. 
MacFie & D. M. H. Thompson (Eds.), Measurement of food preferences (pp. 253-
297). London: Springer. 
Castellanos, E. H., Charboneau, E., Dietrich, M. S., Park, S., Bradley, B. P., Mogg, K., & 
Cowan, R. L. (2009). Obese adults have visual attention bias for food cue images: 
evidence for altered reward system function. International Journal of Obesity, 33, 
1063-1073. 
Chandon, P., Hutchinson, J. W., Bradlow, E. T., & Young, S. H. (2009). Does In-Store 
marketing work? Effects of the number and position of shelf facings on brand 
attention and evaluation at the point of purchase. Journal of Marketing, 73, 1-17. 
Clement, J. (2007). Visual influence on in-store buying decisions: an eye-track experiment on 
the visual influence of packaging design. Journal of Marketing Management, 23, 
917-928. 
Dickson, M. A. (2001). Utility of no sweat labels for apparel consumers: Profiling label users 
and predicting their purchases. Journal of Consumer Affairs, 35, 96. 
E.2 – Have an eye on the buckled cucumber: An eye tracking study on visually suboptimal foods 
192 
Eldesouky, A., Pulido, A. F., & Mesias, F. J. (2015). The role of packaging and presentation 
format in consumers' preferences for food: An application of projective techniques. 
Journal of Sensory Studies, 30, 360-369. 
Elliot, A. J., & Maier, M. A. (2014). Color psychology: Effects of perceiving color on 
psychological functioning in humans. Annual Review of Psychology, 65, 95-120. 
FAO (2014). Food and Agriculture Organization. Food wastage footprint--full cost 
accounting. Final report. Retrieved August 23rd, 2016, from: http://www.fao.org/3/a-
i3991e.pdf. 
Goldberg, J. H., & Kotval, X. P. (1999). Computer interface evaluation using eye movements: 
methods and constructs. International Journal of Industrial Ergonomics, 24, 631-
645. 
Grunert, K. G. (2011). Sustainability in the food sector: A consumer behaviour perspective. 
International Journal on Food System Dynamics, 2, 207-218. 
Gustavsson, J., Cederberg, C., Sonesson, U., von Otterdijk, R., & Meybeck, A. (2011). Global 
food losses and and food waste: Extent causes and prevention. Food and Agriculture 
Organization of the United Nations. Paper presented at the Internation Congress 
Save Food!, Düsseldorf, Germany. 
Gutjar, S., Dalenberg, J. R., de Graaf, C., de Wijk, R. A., Palascha, A., Renken, R. J., & Jager, 
G. (2015). What reported food-evoked emotions may add: A model to predict 
consumer food choice. Food Quality and Preference, 45, 140-148. 
Hochstein, S., & Ahissar, M. (2002). View from the top: Herarchies and reverse hierarchies in 
the visual system. Neuron, 36, 791-804. 
Horstmann, G. (2002). Evidence for attentional capture by a surprising color singleton in 
visual search. Psychological Science, 13, 499-505. 
Itti, L., & Koch, C. (2000). A saliency-based search mechanism for overt and covert shifts of 
visual attention. Vision Research, 40, 1489-1506. 
Just, M. A., & Carpenter, P. A. (1976). Eye fixations and cognitive processes. Cognitive 
Psychology, 8, 441-480. 
Loebnitz, N., Schuitema, G., & Grunert, K. G. (2015). Who buys oddly shaped food and why? 
Impacts of food shape abnormality and organic labeling on purchase intentions. 
Psychology & Marketing, 32, 408-421. 
Menichelli, E., Olsen, N. V., Meyer, C., & Næs, T. (2012). Combining extrinsic and intrinsic 
information in consumer acceptance studies. Food Quality and Preference, 23, 148-
159. 
E.2 – Have an eye on the buckled cucumber: An eye tracking study on visually suboptimal foods 
193 
Milosavljevic, M., & Cerf, M. (2008). First attention then intention. International Journal of 
Advertising, 27, 381-398. 
Orquin, J. L., & Loose, S. M. (2013). Attention and choice: A review on eye movements in 
decision making. Acta Psychologica, 144, 190-206. 
Paul, S., & Okan, A. (2011). Response to color: literature review with cross-cultural 
marketing perspective. International Bulletin of Marketing Adiministration, 11, 34-
41. 
Puccinelli, N. M., Chandrashekaran, R., Grewal, D., & Suri, R. (2013). Are men seduced by 
red? The effect of red versus black prices on price perceptions. Journal of Retailing, 
89(2), 115-125. 
Raak, N., Symmank, C., Zahn, S., Aschemann-Witzel, J., & Rohm, H. (2016). Processing- 
and product-related causes for food waste. Waste Management, doi: 
10.1016/j.wasman.2016.12.027. 
Rayner, K. (1998). Eye movements in reading and information processing: 20 years of 
research. Psychological Bulletin, 124, 372-422. 
Shimojo, S., Simion, C., Shimojo, E., & Scheier, C. (2003). Gaze bias both reflects and 
influences preference. Nature Neuroscience, 6, 1317-1322. 
Simion, C., & Shimojo, S. (2006). Early interactions between orienting, visual sampling and 
decision making in facial preference. Vision Research, 46, 3331-3335. 
Tatler, B. W. (2007). The central fixation bias in scene viewing: Selecting an optimal viewing 
position independently of motor biases and image feature distributions. Journal of 
Vision, 7, 1-17. 
Treisman, A. M., & Gelade, G. (1980). Feature-integration theory of attention. Cognitive 
Psychology, 12, 97-136. 
Unema, P. J. A., & Rötting, M. (1990). Differences in eye movements and mental workload 
between experienced and inexperienced motor-vehicle drivers. In D. Brogan (Ed.), 
Visual search. London: Taylor & Francis. 
van der Laan, L. N., Hooge, I. T. C., de Ridder, D. T. D., Viergever, M. A., & Smeets, P. A. 
M. (2015). Do you like what you see? The role of first fixation and total fixation 
duration in consumer choice. Food Quality and Preference, 39, 46-55. 
Velichkovsky, B. M. (2002). Heterarchy of cognition: The depths and the highs of a 
framework for memory research. Memory, 10, 405-419. 
 
E.2 – Have an eye on the buckled cucumber: An eye tracking study on visually suboptimal foods 
194 
Velichkovsky, B. M., Joos, M., Helmert, J. R., & Pannasch, S. (2005). Two visual systems 
and their eye movements: evidence from static and dynamic scene perception. Paper 
presented at the Twenty-Seventh Annual Meeting of the Cognitive Science Society, 
Stresa, Italy. 
Vermeir, I., & Verbeke, W. (2006). Sustainable food consumption: Exploring the consumer 
“Attitude – Behavioral Intention” gap. Journal of Agricultural and Environmental 
Ethics, 19, 169-194. 
Vu, T. M. H., Tu, V. P., & Duerrschmid, K. (2016). Design factors influence consumers’ 
gazing behaviour and decision time in an eye-tracking test: A study on food images. 
Food Quality and Preference, 47, Part B, 130-138. 
Yarbus, A. L. (1967). Eye Movements and Vision. New York: Plenum (Originally published 
in Russian 1962). 
Zanoli, R., Scarpa, R., Napolitano, F., Piasentier, E., Naspetti, S., & Bruschi, V. (2013). 
Organic label as an identifier of environmentally related quality: A consumer choice 
experiment on beef in Italy. Renewable Agriculture and Food Systems, 28, 70-79. 
 
 
E.3 – Visually suboptimal bananas: How ripeness affects consumer expectation and perception 
195 
E.3 – Visually suboptimal bananas: How ripeness affects consumer expecta-
tion and perception 
 
Abstract 
One reason for the significant amount of food that is wasted in developed countries is that con-
sumers often expect visually suboptimal food as being less palatable. Using bananas as example, 
the objective of this study was to determine how appearance affects consumer overall liking, the 
rating of sensory attributes, purchase intention, and the intended use of bananas. The ripeness 
degree (RD) of the samples was adjusted to RD 5 (control) and RD 7 (more ripened, visually 
suboptimal). After preliminary experiments, a total of 233 participants were asked to judge their 
satisfaction with the intensity of sensory attributes that referred to flavor, taste, and texture using 
just-about-right scales. Subjects who received peeled samples were asked after tasting, whereas 
subjects who received unpeeled bananas judged expectation and, after peeling and tasting, per-
ception. Expected overall liking and purchase intention were significantly lower for RD 7 bana-
nas. Purchase intention was still significantly different between RD 5 and RD 7 after tasting, 
whereas no difference in overall liking was observed. Significant differences between RD 5 and 
RD 7 were observed when asking participants for their intended use of the bananas. Concerning 
the sensory attributes, penalty analysis revealed that only the firmness of the RD 7 bananas was 
still not just-about-right after tasting. The importance that consumers attribute to the shelf-life of 
food had a pronounced impact on purchase intention of bananas with different ripeness degree. 
In the case of suboptimal bananas, the results demonstrate a positive relationship between the 
sensory perception and overall liking and purchase intention. Convincing consumers that visual-
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1 Introduction 
In developing countries, the majority of food waste stems from insufficient condi-
tions of storage, processing, or transportation whereas, in developed countries, it is mainly 
generated by the consumer (FAO, 2011; Parfitt, Barthel, & Macnaughton, 2010). Households 
account for approximately two thirds of the waste in the food supply chain. This equals 95 kg 
per head and year in Europe and 82 kg per head and year in Germany, with almost 50% being 
fruits and vegetables (FAO, 2011; Kranert et al., 2012). Consumers contribute to food waste 
(a) by selectively leaving items on supermarket shelves when, e.g., fruits show bruises, or 
when the best-before date is too close; (b) by discarding during consumption when the food 
does not meet sensory expectations, or when unexpected ingredients are detected; (c) when 
household stock is incorrectly estimated; (d) when knowledge on palatability is missing; and 
(e) because food is not valued due to the low price level. Generally speaking, consumers gen-
erate food waste either in the store when they decide what to buy, and in the household when 
they decide what to consume (Aschemann-Witzel, de Hooge, Amani, Bech-Larsen, & 
Oostindjer, 2015; Aschemann-Witzel, de Hooge, & Normann, 2016; Stefan, van Herpen, 
Tudoran, & Lähteenmäki, 2013). Food waste at the consumer level has a particularly negative 
environmental impact, as all the resources for production, transport, and preparation are wast-
ed (Williams & Wikström, 2011). 
Studies providing insight into willingness to purchase or to consume suboptimal 
products are scarce. Aschemann-Witzel et al. (2015) stated that “We call food products that 
are wasted at the consumer level even though they are edible “suboptimal foods”, defined as 
foods that consumers perceive as relatively undesirable as compared to otherwise similar 
foods because they either: (1) are close to, at or beyond the best-before date; or (2) deviate 
(visually or in other sensory perception) from what is regarded as optimal (usually equal to 
what is perceived as “normal”)“. There are only a few studies which investigate that consum-
ers act differently towards suboptimal foods when they need to make a purchase decision in a 
supermarket, compared to when they need to make a consumption decision at home (de 
Hooge et al., 2017). The study of de Hooge et al. (2017), for instance, shows that consumer 
preferences for suboptimal foods differ depending on whether the consumer is in a supermar-
ket or at home, and depending on the type of sub-optimality. In a supermarket, consumers do 
not want to buy too long ripened foods at regular price. In contrast, when consumers detect 
too long ripened food at home, they may want to use it to avoid losing money (as the food 
was already bought). 
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The first contact between consumer and food is usually through the visual impression 
of intrinsic or extrinsic product attributes. Many studies investigated influences of intrinsic or 
extrinsic product attributes on food liking, food intake, food consumption, purchase intention, 
or sensory expectations (e.g., Carrillo, Varela, & Fiszman, 2012; Mai, Symmank, & Seeberg-
Elverfeldt, 2016; Zellner, Loss, Zearfoss, & Remolina, 2014). However, for both intrinsic and 
extrinsic attributes only a few studies examined consumer evaluation of visually suboptimal 
foods in the light of sustainability. For instance, White, Lin, Dahl, & Ritchie (2015) demon-
strated that consumers avoid products with superficial packaging damage as this implies con-
tamination and generates safety concerns. Loebnitz & Grunert (2015) focused on shape ab-
normalities of apples, lemons, carrots and eggplants as intrinsic cue to examine purchase in-
tention, and Bunn, Feenstra, Lynch, & Sommer (1990) reported on low acceptance of imper-
fect oranges. Based on the assumption that consumers associate food abnormalities with low 
quality, it is common practice to remove foods that do not follow an appearance standard (e.g. 
shape, color, size) from shelves in retail outlets. In turn, due to the availability of regular low 
price alternatives, retailers do not consider putting suboptimal products on their shelves 
(Aschemann-Witzel, de Hooge, & Normann, 2016). 
Recent research called to examine how sensory impressions based on criteria other 
than shape influence buying intention (Loebnitz & Grunert, 2015). In fruits and vegetables, 
for example, color serves as indicator for the progress of ripening or even decay. Hence, color 
as part of the “natural packaging” of a food gives a first visual impression that usually gener-
ates expectations of flavor, texture, or overall quality (Bello Acebrón & Calvo Dopico, 2000; 
Wei, Ou, Luo, & Hutchings, 2012). A prominent example is bananas which, in the context of 
ripening, have been studied with respect to peel color, texture, and biochemical changes 
(Bugaud et al., 2013; Facundo, Gurak, Mercadante, Lajolo, & Cordenunsi, 2015; Gomes, 
Vieira, & Leta, 2013; Jaiswal et al., 2012; Salvador, Sanz, & Fiszman, 2007). More recent 
research focused on the sensory description of bananas (Bugaud et al., 2011; Nunes, Yagiz, & 
Emond, 2013; Tobin, Moane, & Larkin, 2013). To the best of our knowledge, only one study 
analyzed bananas in context with food waste, and determined what was called the banana 
waste critical point (Nannyonga, Bakalis, Andrews, & Gkatzionis, 2016). Bananas can be 
classified on the basis of the peel color into seven ripeness degrees, usually assigned by using 
a standardized color chart: (1) totally green; (2) green with yellow traces; (3) more green than 
yellow; (4) more yellow than green; (5) yellow with green edges; (6) totally yellow; and (7) 
yellow with brown spots (Von Loesecke, 1950). 
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With regard to the consumers’ food waste behavior, an important motivation for dis-
carding fruits and vegetables is the presence of visual defects. Using bananas as model, the 
objective of the study was to show how visual exposure influences expectation and perception 
of the food. Depending on whether a visually suboptimal or a regular product is inspected, we 
analyze overall liking, the rating of sensory attributes, purchase intention, and the intended 
use of bananas. The current research will provide insights into both the supermarket setting 
(by revealing overall liking and purchase intention of unpeeled bananas based on visual expo-
sure only), and the home situation. The home situation is considered in two ways: First, con-
sumers generate expectations of the unpeeled banana with different degrees of ripeness, de-
pending on the duration of home storage. Subsequently, consumers evaluate overall liking and 
re-purchase intention based on sensory perception of the (self-)peeled banana. As consumer 
general food waste behavior has been shown to depend on gender (Koivupuro et al., 2012), 
this study also aims at analyzing differences in the responses between males and females. 
 
2 Material and methods 
2.1 Recruitment of participants 
To recruit participants, email newsletters with the slogan ‘Taste it? Your senses will 
help us!’ were sent to student representatives of Technische Universität Dresden with a re-
quest to distribute it in their respective channels, and announcements were placed in cafeterias 
and bulletin boards across the campus. Prospective participants were asked to register on a 
web page. Individuals from this pool were contacted, and finally 233 participants took part in 
the study (140 male and 93 female, mean age 22.2 ± 3.1 years). All participants received writ-
ten information about the study before giving their informed consent. However, the partici-
pants were not informed beforehand which particular product they were about to taste, and no 
information on the study aim was provided. 
 
2.2 Stimuli material: Bananas 
For preliminary experiments, we bought bananas of ripeness degree (RD) 3 - 4 from 
a regional fruits and vegetables wholesaler (Landgard, Dresden, Germany). According to the 
wholesaler, this is the ripeness degree in which the bananas are usually sold to the supermar-
kets. The bananas were stored at 20 °C (Quevedo et al., 2008) in an environmental chamber 
(IPP 55, Memmert GmbH & Co. KG, Schwabach, Germany). Banana peel color was com-
pared daily with the color chart by the author to record banana ripeness. After three days of 
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storage the bananas reached RD 5 (yellow with green edges) and after seven days the first 
brown spots were visible that is typical for RD 7. Bananas of RD 7 are no longer sold in the 
supermarket. For the main study, the bananas were purchased some time in advance to ensure 
that, on the day of investigation, samples with RD 5 and RD 7 were available (Fig. 1). 
 
 
Fig. 1. Example of the bananas of ripeness degree 5 (left) and 7 (right). 
 
2.3 Experiment design 
Each of the 233 participants contributing to the study was randomly assigned to one 
of four test conditions. Fig. 2 shows that group 1 (G 1) and group 2 (G 2) subjects received 
one peeled banana of either RD 5 or RD 7, to immediately rate overall liking, the perception 
of sensory attributes during tasting, purchase intention, and intended use of the banana (blind 
condition). Group 3 (G 3) and group 4 (G 4) subjects received an unpeeled banana of either 
RD 5 or RD 7. In a first step, they were encouraged to rate overall liking, the expected satis-
faction with the intensity of sensory attributes, purchase intention, and intended use of the 
banana based on visual impression. In a second step, the participants had to peel and taste the 
banana, and to rate again overall liking, the perceived satisfaction with the intensity of senso-
ry attributes, purchase intention, and intended use of the banana (expected and informed con-
dition). 
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Fig. 2. Layout of the experiment design of the study (n = 233) and overview of comparisons 
tested in this study; RD, ripeness degree; G 1, peeled banana of RD 5; G 2, peeled banana of 
RD 7; G 3, unpeeled banana of RD 5; G 4, unpeeled banana of RD 7; suffix _exp is for expec-
tation, _perc for perception. 
 
The experiment design allows (a) to explore the impact of banana peel color as a cue 
on expectation and perception within one ripeness degree (G 3_exp vs. G 3_perc, G 4_exp vs. 
G 4_perc), (b) to examine the differences in the perception of bananas of a particular ripeness 
degree (G 1_perc vs. G 3_perc, G 2_perc vs. G 4_perc), which arise from visual confrontation 
with the peel, and (c) to identify differences in expectation (G 3_exp vs. G 4_exp) and percep-
tion (G 1_perc vs. G 2_perc, G 3_perc vs. G 4_perc) that can be attributed to the ripeness de-
gree itself (Fig. 2). We also checked differences in the expectations and perception between 
males and females. 
In Part II of the study (Fig. 2) information about demographics, general liking, and 
buying frequency were collected. Table 1 provides an overview of the demographic character-
istics of each experimental group (G 1, G 2, G 3, G 4). To avoid an unintended bias between 
the experimental groups, we conducted an ANOVA to analyze whether there are differences 
in the liking of bananas between the experimental groups. The liking was judged using a two-
item (“In general, I like bananas” and “I like eating bananas”) seven-point scale. An index 
was calculated as the mean of the two items (6.0 ± 1.3, α = 0.90). This analysis revealed no 
significant difference in the liking between the experimental groups (F3,229 = 1.56, p = 0.200). 
Using a chi-squared test we have also tested whether the general buying frequency of bananas 
(with the response categories “never or occasionally”, “once or twice a month”, “once or 
twice a week”, and “daily”) is different between the experimental groups. This effect was not 
significant (χ2 = 5.68, df = 9, p = 0.772). 
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Table 1. Demographic characteristics of the four experimental groups. 
Group  Age (mean ± standard deviation)* Female participants (%) 
G 1 (n = 59)  22.3 ± 3.5
a
 44.1 
G 2 (n = 58)  22.4 ± 3.4
a
 48.3 
G 3 (n = 58)  21.8 ± 2.5
a
 31.0 
G 4 (n = 58)  22.5 ± 3.0
a
 36.2 
* Mean values in a column with different superscripts differ significantly (p < 0.05). 
Testing took place in a sensory laboratory, designed in accordance with ISO guide-
lines (ISO, 2007), under artificial daylight and at constant temperature (22 ± 1 °C). For the 
sensory evaluation of the bananas (Part I, Fig. 2), participants were seated in individual 
booths. Once the participants had completed the sensory task, they were asked to complete an 
electronic questionnaire (Part II, Fig. 2) programmed in LimeSurvey (LimeSurvey GmbH, 
Hamburg, Germany). After completing the study participants were thanked, debriefed, and 
paid. 
 
2.4 Questionnaire development and scales 
Affective assessment of banana overall liking was done using a nine-point hedonic 
scale with the anchors “dislike extremely” and “like extremely” (Peryam & Pilgrim, 1957). 
The intention to purchase the banana was judged using a two-item (“I would buy this banana” 
and “Next time I buy a banana, I will buy a banana like this”) seven-point scale, anchored by 
“strongly disagree” to “strongly agree” (Putrevu & Lord, 1994). 
Sensory expectation and perception are important influencing factors of food choice 
and behavior (Krishna, 2012). Therefore, to identify sensory perception of peeled bananas, 
expectation of unpeeled bananas, and then sensory perception after self-peeling, grassy flavor, 
banana flavor, sweetness, firmness and mealiness were measured with bipolar five-point just-
about-right (JAR) scales (1, too low; 2, somewhat too low; 3, just-about-right; 4, somewhat 
too high; and 5, too high; Meilgaard, Carr, & Civille, 2006). The five-point JAR scale was 
subsequently converted into a three-point scale with the values 1 (summary of 1 and 2), 2 
(scale midpoint) or 3 (summary of 4 and 5) for the categories “too low”, “just-about-right” or 
“too high”, respectively (Gere, Sipos, & Héberger, 2015; Popper, 2004). The five JAR ques-
tions were printed on the back of an A4 sheet so that an impact on overall liking judgment 
(front of the same A4 sheet) was reduced (Gacula, Mohan, Faller, Pollack, & Moskowitz, 
2008). 
Subsequently, participants had to indicate the intended use of bananas. They were 
asked whether the banana should be consumed as soon as possible, whether the banana could 
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be more ripened, and whether they would only use this banana for cooking, baking, or dessert 
preparation on a seven-point scale from “strongly disagree” to “strongly agree”. 
The computer-based questionnaire was the same for each experimental group 
(Part II, Fig. 2). Forty-six statements to identify food purchasing habits, attitudes towards food 
waste and sustainability were adapted from literature and measured with seven-point scales 
from “strongly disagree” to “strongly agree”. We decided to report the data for shelf-life. The 
other survey data are not part of this paper. The scale for shelf-life was recently developed 
within the research project and has not yet been published elsewhere. Shelf-life was measured 
using a four-item (“I prefer to choose foods with the longest freshness date”, “I frequently buy 
food close to the best-before date, if it is offered at a lower price”, “I compare date labels to 
select food with the longest shelf life”, and “I deliberately buy food close to the best-before 
date when I know that I will consume it soon”) seven-point scale, anchored by “strongly disa-
gree” to “strongly agree”. 
To reveal which communication messages would stimulate the purchase of bananas 
with brown spots, a picture (Fig. 1, right) was included in the questionnaire software (as not 
each participant received an unpeeled banana of RD 7). Participants ticked all the appropriate 
messages using a check-all-that-apply (CATA) list with seven possible responses (Table 2). 
The statements for this CATA list were developed within the research project. The meanings 
of sustainability in context with food were also evaluated using a CATA list with sixteen pos-
sible responses (Table 2). This CATA list was developed based on Reisch, Eberle, & Lorek 
(2013). For both, the number of selected responses was divided by the total number of partici-
pants to obtain the share of participants who agree with the statement. 
 
Table 2. CATA lists for communication messages and meanings of sustainability. 
Communication messages Meanings of sustainability 
 To be consumed quickly. 
 Don’t make me go to food waste. 
 As intended by nature. 
 The looks might not be perfect, the 
taste is! 
 50% off. 
 Take me with you, for the sake of 
the environment. 
 None of the messages would make 
me buy this product. 
 Fair trade products 
 Organic food 
 Vegetarian food 
 Vegan food 
 Shop at the weekly 
market 
 Avoiding food waste 
 Eating less meat 
 Eating a lot of fresh food 
/ eating less processed 
food 
 Environmentally compatible 
packaging 
 Little packaged products 
 Buying regional food 
 Buying seasonal food 
 Food which improves health 
 Food free from genetic 
engineering 
 Food free from flavor 
enhancers 
 Other aspect: …………………. 
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To ensure linguistic equivalence, the back-translation procedure was applied (Brislin, 
1970). Questionnaire format was validated by a pilot survey that was conducted prior to the 
main study with 30 students during a lecture to check whether all questions of the survey are 
correctly understood, and to estimate the time it will take to complete the questionnaire. The 
main consumer survey started after editing, electronic programming, and additional pre-
testing of the electronic version of the questionnaire. 
 
2.5 Development of sensory descriptors 
To identify sensory properties for the main study that are different between bananas 
of RD 5 and RD 7, a set of two-alternative forced choice (2-AFC) tests (ISO, 2005) with 35 
semi-trained participants (i.e., members of the institute who had received a basic training with 
respect to perceive intensity differences of sensory attributes (ISO, 2012)), was performed 
using ten descriptors from literature (for details see Appendix A). Five remaining attributes 
selected to be used in this study were therefore: grassy flavor, referring to the flavor of freshly 
cut green grass; banana flavor; sweetness; firmness, referring to the force necessary to com-
press a sample between the teeth; and mealiness, referring to an abnormal softness, lack of 
free juice, and a pasty, dry feeling in the mouth (Bianchi et al., 2016; Blaker, Plotto, Baldwin, 
& Olmstead, 2014; Bugaud et al., 2011; Nobile et al., 2011). 
 
2.6 Analytical validation of banana ripeness 
The study focus was to evaluate sensory descriptors of banana appearance, flavor, 
and texture, by either including the visual impression of the banana peel or not. It was there-
fore necessary to ensure that the participants assigned to a group received similar bananas, 
that means, bananas with comparable physical and chemical properties. If there was any re-
ported difference between peeled and unpeeled bananas, it could be attributed to the banana 
peel and not to any actual differences of the banana itself. In addition, the two ripeness de-
grees were needed that differ in appearance. 
Based on prior studies (Bugaud et al., 2013; Liew & Lau, 2012; Nannyonga et al., 
2016; Tapre & Jain, 2012), banana color, firmness of peel and flesh, and sugar content were 
identified as appropriate analytical parameters to distinguish between bananas of different 
ripeness degrees. For a detailed description of the methods, please refer to Appendix B. 
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2.7 Statistical analyses 
Statistical analysis of analytical parameters and questionnaire responses was con-
ducted using SPSS 23 (IBM Deutschland GmbH, Ehningen, Germany). 
For purchase intention, an index was calculated as the mean of the two items (pre-
tasting: 4.9 ± 1.6, α = 0.89; post-tasting: 5.2 ± 1.5, α = 0.83). Two-tailed paired and independ-
ent sample t-tests were computed to check differences in overall liking and purchase intention 
between or within the experimental groups as well as between males and females. 
A two-tailed one-sample t-test was applied to evaluate whether the mean JAR ratings 
of each sensory attribute differ from scale midpoint (2.0) at p ≤ 0.05 (Pitts, 2009). To deter-
mine whether JAR ratings are associated with a drop in spontaneous overall liking, a subse-
quent penalty analysis was performed. For the penalty analysis, we calculated the mean drop 
as the difference between the average overall liking score for the subjects who selected a non-
JAR category, and the average overall liking score for the subjects who judged the attribute as 
just-about-right (Pagès, Berthelo, Brossier, & Gourret, 2014). A common interpretation is that 
mean drops between -1 and -2 indicate that the sensory attribute can be regarded as being re-
sponsible for a decrease in overall consumer liking (Schraidt, 2009). The distribution of the 
responses in the categories “too low”, “just-about-right” and “too high” may be taken into 
account as additional indicator to identify attributes that are on an undesired level (Hoppert et 
al., 2013; Schraidt, 2009). A distribution with more than 20% of responses on the “too low” 
or “too high” side indicates a need for optimization in that attribute (Schraidt, 2009). 
For the importance of shelf-life, an index was calculated as the mean of the four 
items (3.9 ± 1.2, α = 0.55). According to Gliem & Gliem (2003) a Cronbach’s alpha with 0.5 
or higher is sufficient. Subsequently, an ANOVA was conducted to check interaction effects 




3.1 Characteristics of the test materials 
The analytical measurements of the bananas showed that the color of the banana 
peels, the firmness of unpeeled and peeled bananas, and the sugar content differed significant-
ly between bananas with RD 5 and RD 7. The respective data are summarized and interpreted 
in line with the results of the preliminary experiments in Appendix B. 
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3.2 Overall liking and purchase intention 
Paired sample t-tests, calculated to reveal differences between expectation and per-
ception within one ripeness degree, showed no significant differences in overall liking 
(t57 = 1.30, p = 0.199) and purchase intention (t57 = 0.17, p = 0.867) for RD 5 bananas before 
and after tasting (G 3_exp vs. G 3_perc). For bananas of RD 7, participants expressed their 
low expectations with significant lower overall liking (t57 = 5.27, p < 0.001) and purchase 
intention before tasting (t57 = 3.84, p < 0.001) compared to the ratings of overall liking and 
purchase intention after tasting (G 4_exp vs. G 4_perc). In the comparison of bananas of the 
same ripeness degree, independent sample t-tests yielded neither significant differences for 
overall liking (G 1_perc vs. G 3_perc: t115 = 0.38, p = 0.708; G 2_perc vs. G 4_perc: 
t114 = 0.67, p = 0.505), nor for purchase intention (G 1_perc vs. G 3_perc: t115 = 0.04, 
p = 0.971; G 2_perc vs. G 4_perc: t114 = 1.08, p = 0.281). All respective results are presented 
in Table 3. 
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Table 3. Means and standard deviations of overall liking and purchase intention in all experi-
mental groups, and results of the independent sample t-tests for gender differences. 
Experiment set-up* Total Male (m) Female (f) p (m  f) 
Expectation – before tasting    
Overall liking     
G 1_exp (RD 5) - - -  
G 2_exp (RD 7) - - -  
G 3_exp (RD 5) 7.2±1.1 (n = 58) 7.1±1.1 (n = 40) 7.4±1.1 (n = 18)    0.207 
G 4_exp (RD 7) 6.3±1.6 (n = 58) 6.8±1.4 (n = 37) 5.5±1.6 (n = 21)    0.004 
Purchase intention    
G 1_exp (RD 5) - - -  
G 2_exp (RD 7) - - -  
G 3_exp (RD 5) 5.4±1.3 (n = 58) 5.3±1.3 (n = 40) 5.6±1.4 (n = 18)    0.420 
G 4_exp (RD 7) 4.4±1.7 (n = 58) 4.9±1.5 (n = 37) 3.4±1.5 (n = 21) ≤ 0.001 
Perception – after tasting    
Overall liking     
G 1_perc (RD 5) 7.0±1.4 (n = 59) 7.1±1.3 (n = 33) 6.9±1.5 (n = 26)    0.651 
G 2_perc (RD 7) 7.2±1.2 (n = 58) 7.4±1.0 (n = 30) 6.9±1.4 (n = 28)    0.066 
G 3_perc (RD 5) 6.9±1.6 (n = 58) 7.0±1.5 (n = 40) 6.7±1.8 (n = 18)    0.426 
G 4_perc (RD 7) 7.3±1.3 (n = 58) 7.8±0.8 (n = 37) 6.4±1.5 (n = 21) ≤ 0.001 
Purchase intention    
G 1_perc (RD 5) 5.5±1.3 (n = 59) 5.4±1.3 (n = 33) 5.6±1.4 (n = 26)    0.635 
G 2_perc (RD 7) 5.2±1.4 (n = 58) 5.3±1.4 (n = 30) 5.1±1.4 (n = 28)    0.632 
G 3_perc (RD 5) 5.5±1.4 (n = 58) 5.5±1.5 (n = 40) 5.4±1.5 (n = 18)    0.888 
G 4_perc (RD 7) 4.9±1.6 (n = 58) 5.5±1.4 (n = 37) 4.0±1.6 (n = 21) ≤ 0.001 
* G 1, peeled banana of ripeness degree (RD) 5; G 2, peeled banana of RD 7; G 3, unpeeled banana of RD 5; 
G 4, unpeeled banana of RD 7; suffix _exp is for expectation, _perc for perception. 
 
As regards differences in the expectation affected by the ripeness degree, overall lik-
ing (G 3_exp vs. G 4_exp; t114 = 3.49, p = 0.001) and purchase intention ratings (G 3_exp vs. 
G 4_exp; t114 = 3.79, p < 0.001) of the unpeeled fruits was significantly lower for RD 7 bana-
nas after visual judgment alone. Whereas, after tasting, no significant difference in overall 
liking (t114 = 1.48, p = 0.141) was found between RD 5 and RD 7 bananas (G 3_perc vs. 
G 4_perc). However, purchase intention ratings were still significant (t114 = 1.91, p = 0.059) 
with a lower purchase intention for the RD 7 banana compared to the RD 5 banana. Presuma-
bly, the participants favored the bananas based on the tasting experience, but this liking did 
not turn into a positive purchase intention because of the initial visual impression. Neither a 
significant difference was observed between perception ratings for the peeled banana 
(G 1_perc vs. G 2_perc), nor for overall liking (t115 = 0.58, p = 0.567), nor for purchase inten-
tion (t114 = 1.01, p = 0.313). 
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Independent sample t-tests were also computed to check differences in overall liking 
and purchase intention between males and females (Table 3). For the unpeeled banana of 
RD 5 (G 3_exp, G 3_perc), no significant difference between males and females for overall 
liking and purchase intention was found, neither before nor after tasting. Regarding the un-
peeled RD 7 bananas (G 4), a significant gender effect was observed: Before (G 4_exp) and 
after tasting (G 4_perc), males expressed a significantly higher overall liking (before: 
t56 = 3.10, p = 0.004; after: t56 = 3.83, p < 0.001) and purchase intention (before: t56 = 3.60, 
p = 0.001; after: t56 = 3.79, p < 0.001). Regarding the peeled bananas of RD 5 (G 1_perc), no 
significant differences in overall liking and purchase intention between males and females 
were observed. The same could be observed for the RD 7 bananas (G 2_perc). 
 
3.3 Influence of the sensory attributes on overall liking 
Arithmetic means and standard deviations were calculated for each experimental 
group and each attribute (Table 4). The RD 5 banana was expected (unpeeled before tasting) 
and perceived (after tasting) as being “too high in grassy flavor” and “too high in firmness” 
(G 3), and it was expected and perceived as being “too low in banana flavor” and “too low in 
sweetness”. Also the peeled banana of RD 5 was perceived as being “too low in banana fla-
vor” and “too low in sweetness” (G 1). For RD 7 the results show that both, the peeled and the 
unpeeled banana, was expected and perceived to be “too low in firmness” and “too high in 
mealiness” (G 2, G 4). Concerning banana flavor and sweetness, the unpeeled RD 7 banana 
before tasting was expected to be “too high” in these attributes (G 4). After tasting, only 
sweetness was judged as “too high”, whereas banana flavor was close to scale midpoint (G 4). 
The grassy flavor was expected to be “too low” for the unpeeled banana of RD 7 (G 4). 
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Table 4. Average just-about-right (JAR) ratings for peeled and unpeeled bananas of ripeness 
degree (RD) 5 and RD 7 under different experimental conditions. 
Experiment set-up* Grassy flavor** Banana flavor Sweetness Firmness Mealiness 
Expectation – before tasting 
    G 3_exp (RD 5) 2.2 ± 0.7 1.7 ± 0.6 1.5 ± 0.6 2.4 ± 0.6 2.0 ± 0.6 
G 4_exp (RD 7) 1.6 ± 0.6 2.3 ± 0.5 2.3 ± 0.6 1.5 ± 0.6 2.4 ± 0.6 
Perception – after tasting 
    
G 1_perc (RD 5) 2.1 ± 0.6 1.4 ± 0.5 1.5 ± 0.6 2.0 ± 0.6 2.0 ± 0.5 
G 2_perc (RD 7) 1.9 ± 0.6 2.0 ± 0.6 2.1 ± 0.7 1.6 ± 0.6 2.4 ± 0.6 
G 3_perc (RD 5) 2.2 ± 0.6 1.5 ± 0.5 1.5 ± 0.6 2.2 ± 0.6 1.9 ± 0.5 
G 4_perc (RD 7) 1.9 ± 0.5 2.1 ± 0.5 2.2 ± 0.5 1.6 ± 0.5 2.5 ± 0.5 
* G 1, peeled banana of ripeness degree (RD) 5; G 2, peeled banana of RD 7; G 3, unpeeled banana of RD 5; 
G 4, unpeeled banana of RD 7; suffix _exp is for expectation, _perc for perception. 
** Values are the arithmetic mean  standard deviation; attributes measured with a five-point JAR scale, which 
was converted into a three-point JAR scale from “too low” over “just-about-right” to “too high”; mean values in 
bold differ significantly with p < 0.05 from scale midpoint (2.0). 
 
The penalty analysis (Fig. 3) reveals that the peeled RD 5 banana was perceived as 
“too low in banana flavor” and “too low in sweetness” but as “too high in grassy flavor” 
(G 1_perc). The unpeeled RD 7 banana (G 4_exp) was expected as being “too high in banana 
flavor” and “too high in sweetness”, and as “too low in firmness”. After tasting (G 4_perc), 
only firmness was perceived as “too low” for the same product. In the context of the promo-
tion of visually suboptimal bananas this means that only firmness expectation of more ripened 
bananas negatively influences overall liking, so that the other tested attributes might help to 
communicate messages that intend to strengthen purchase and consumption. For the unpeeled 
RD 5 (G 3_exp, G 3_perc) and the peeled RD 7 bananas (G 2_exp, G 2_perc), the mean drops 
in combination with the percentage of ratings revealed no concerning attributes, neither before 
nor after tasting. 
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Fig. 3. Mean drops of attributes as a function of just-about-right ratings. Only attributes with 
more than 20% of responses on the “too low” or “too high” side and a mean drop lower than  
-1 are plotted. , peeled RD 5 banana after tasting; , unpeeled RD 7 banana before tasting; 
, unpeeled RD 7 banana after tasting. 
 
3.4 Intended use of suboptimal bananas 
Participants who received unpeeled bananas were, before tasting (G 3_exp and 
G 4_exp), asked whether these should be consumed as soon as possible (Fig. 4) which was 
affirmed by significant more participants who received the RD 7 banana (t114 = 7.30, 
p < 0.001). Consistent results were obtained when participants were asked directly whether 
the banana could be more ripened, which was denied by participants who received RD 7 ba-
nanas (t114 = 5.27, p < 0.001). Based on visual impression, the denoted usage for only cook-
ing, baking, or dessert preparation was significantly higher for RD 7 bananas (t114 = 2.70, 
p = 0.008). However, the relatively low mean values indicate that both bananas are not really 
considered for cooking, baking, or dessert preparation. After tasting, all participants (those 
who received a peeled banana, G 1_perc and G 2_perc, and those who received an unpeeled 
banana, G 3_perc and G 4_perc) were (again) asked whether the banana should be consumed 
as soon as possible. In both conditions, significant differences (G 1_perc vs. G 2_perc: 
t114 = 2.55, p = 0.012; G 3_perc vs. G 4_perc: t114 = 7.46, p < 0.001) were obtained. In the 
evaluation of whether the bananas could be more ripened, the peeled banana of RD 7 
(G 2_perc) differed significantly from RD 5 (G 1_perc vs. G 2_perc: t114 = 3.07, p = 0.003), 
and a further significant drop was observed when the participants based their judgment on the 
visual impression of the RD 7 banana peel (G 3_perc vs. G 4_perc: t114 = 7.08, p < 0.001). 
Finally, after tasting, participants who received the unpeeled banana would prefer to use RD 7 
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instead of RD 5 bananas for cooking, baking, or dessert preparation (G 3_perc vs. G 4_perc: 
t114 = 2.74, p = 0.008). 
 
 
Fig. 4. Means and standard deviations of participants’ responses regarding the intended use of 
bananas depending on the ripeness degree (RD) and the time of judgment. White bars, RD 5; 
grey bars, RD 7; G 1, peeled banana of RD 5; G 2, peeled banana of RD 7; G 3, unpeeled ba-
nana of RD 5; G 4, unpeeled banana of RD 7; suffix _exp for expectation, _perc for percep-
tion; *p < 0.05; **p < 0.01; ***p < 0.001. 
 
3.5 Importance of shelf-life as influencing factor of food waste behavior 
We further classified consumers of the experimental groups G 3 and G 4, i.e. who re-
ceived an unpeeled banana, based on the importance they attribute to the shelf-life of foods. 
As regards purchase intention responded before tasting, an ANOVA yielded a significant in-
teraction effect between the importance of the shelf-life and banana ripeness (F1,112 = 9.52, 
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p = 0.003). Those consumers who preferred food with a long shelf-life expressed a higher 
purchase intention for RD 5 bananas (5.8 ± 0.9; Fig. 5) than for RD 7 bananas (3.8 ± 1.7), 
whereas consumers who do not care about the shelf-life have a higher purchase intention for 
RD 7 (4.9 ± 1.5) than for RD 5 bananas (5.2 ± 1.5). The same significant interaction effect 
was obtained for purchase intention after tasting (F1,112 = 7.40, p = 0.008) with consumers 
preferring food with a long shelf-life expressed a higher purchase intention for RD 5 bananas 
(5.9 ± 1.1) than for RD 7 bananas (4.5 ± 1.5), whereas consumers who do not care about the 
shelf-life have a higher purchase intention for RD 7 (5.3 ± 1.6) than for RD 5 bananas 
(5.2 ± 1.5). 
 
Fig. 5. Means and standard deviations of purchase intention ratings before (left) and after 
(right) tasting of the experimental groups G 3 (unpeeled banana of RD 5) and G 4 (unpeeled 
banana of RD 7) depending on the importance of shelf-life and ripeness degree (RD). White 
bars, shelf-life important, n = 50; grey bars, shelf-life not important, n = 66; **p < 0.01. 
 
3.6 Communication messages and meanings of sustainability 
The analysis of the check-all-that-apply questions shows that price reduction (for 
63.9% of the participants), immediate consumption intention (57.5%), and positive taste in-
ferences (53.2%) are messages that may stimulate the purchase of bananas with brown spots. 
There are still 38.6% of the participants who would take the banana before it goes to food 
waste. The other messages were marked by only 30% or less. An important finding particular-
ly with regard to food waste reduction is that any message is better than no message (3%). 
Finally, participants disclose what sustainability means to them in context with food: Besides 
purchasing regional (67.0%) and seasonal food (63.1%), the avoidance of food waste was 
mentioned as important by 61.8% of the subjects, even though they were not informed about 
the objective of our study. More than half of the participants prefer environmentally friendly 
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packages (55.8%), and would like to buy food with as little packaging as possible (59.7%). 
The other meanings of sustainability were marked by 40% or less. 
 
4 Discussion and conclusions 
The results of this study support the assumption that appearance influences the ex-
pected and perceived satisfaction with the intensity of sensory attributes, but also overall lik-
ing and purchase intention. In the case of bananas, overall liking and purchase intention de-
creased when the product exceeded a certain ripening status. Considering the supermarket 
setting, consumers are more likely to purchase yellowish-green bananas than bananas with 
brown spots, which clearly implies that visual defects decrease consumer liking and the inten-
tion to buy the food (de Hooge et al., 2017). After the bananas have been tasted as in the 
home situation, no significant difference in overall liking was found between both ripeness 
degrees, whereas (re-)purchase intention was still significantly lower for RD 7 bananas. This 
demonstrates that sensory perception can drive consumer liking. However, purchase intention 
of apparently suboptimal foods remains influenced by the initial visual impression. 
The results also show that males have a higher overall liking and purchase intention 
of the unpeeled RD 7 bananas before and after tasting, and a higher overall liking of the 
peeled RD 7 banana after tasting. Previous research suggests that consumer preferences for 
suboptimal products and the general food waste behavior may depend (apart from situational 
factors, type of sub-optimality, etc.) on personal factors, e. g., gender (Katajajuuri, 
Silvennoinen, Hartikainen, Heikkilä, & Reinikainen, 2014; Koivupuro et al., 2012). For ex-
ample, Katajajuuri et al. (2014) indicate that the amount of avoidable food waste was consid-
erably lower in those households where a man was mainly responsible for grocery shopping 
in comparison with households where only a woman or both were responsible. Gender differ-
ences regarding suboptimal food choice need to be further investigated in future research. 
Follow-up studies could also investigate whether these differences also occur in a non-student 
sample and in the case of different food. 
The observed discrepancy between expectation and perception is consistent with 
previous studies that investigated the effect of extrinsic or intrinsic attributes on product eval-
uation (Carrillo et al., 2012; Laureati, Conte, Padalino, Del Nobile, & Pagliarini, 2016). The 
results of the penalty analyses showed that peeled RD 7 bananas are just-about-right in each 
sensory attribute. However, when participants expressed their expectation based on the visual 
impression of an unpeeled RD 7 banana, banana flavor and sweetness were judged as being 
“too high”, whereas firmness was rated “too low”. After tasting, only firmness remained to be 
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not just-about-right. To enhance the acceptance of bananas with brown spots it seems there-
fore appropriate to emphasize sensory attributes regarding flavor and smell. 
Our data suggest that price reduction, immediate consumption intention and positive 
taste inferences may stimulate the intention to purchase bananas with brown spots. To date, 
price discounts have often been researched as a tool to stimulate the purchase of healthy foods 
(Ball et al., 2015; Juhl & Jensen, 2014). However, price reduction on suboptimal foods as 
possibility to reduce food waste received far less attention. Consumers consider food waste 
reduction as sustainable as it was, after regional and seasonal purchase, the third often men-
tioned category of sustainable food behavior. Although it seems to be in the consciousness of 
the consumers, the amount of food waste suggests that these attitudes do not turn into real 
behavior (Stefan et al., 2013). 
Communication campaigns and education programs should be encouraged and 
pooled to continuously increase the willingness of consumers to buy (supermarket setting) 
and consume (home situation) suboptimal foods and to fight food waste. Despite the abolish-
ment of official quality standards in the supermarket, a common retail practice is to discard 
food that exceeds a supposed optimum quality because retailers are afraid that consumers may 
reject it (Loebnitz & Grunert, 2015). Our results demonstrate a positive relationship between 
sensory perception, overall liking, and purchase intention for suboptimal bananas – this means 
that there are consumers who will buy suboptimal bananas when they are convinced that they 
are palatable. Additionally, the results suggest that price reduction would motivate the con-
sumers to buy suboptimal bananas. Retailers may be well advised to rethink their policy of 
excluding suboptimal foods, because a proportion of consumers will be willing to buy them. 
From the home situation perspective the main contribution of this study is that consumers 
need to learn to smell and taste the food before discarding it to decrease the level of household 
food waste. However, the results also show that consumers are not familiar to use bananas for 
cooking, baking, and dessert preparation. Therefore, the study suggests providing basic 
knowledge for influencing consumer practices to use leftovers or too long ripened fruits in the 
kitchen. The results strongly support the approach targeting both, the consumer behavior in 
the supermarket and at home. 
A limitation of the present study is that we used unpriced products so that the pur-
chase intention score may be a poor indicator of actual purchase behavior. On the other hand, 
bananas are a familiar every-day food and in this sense most people have at least some idea of 
their normal price. As this study was conducted using a student sample, it should be extended 
to a representative sample, and the trade-off between food appearance and price should also 
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be considered. The attitudes towards food waste and sustainability, as well as information on 
purchase behavior was self-reported, so that it cannot be ruled out that participants gave so-
cially desirable answers. Although this study collected a number of factors that may influence 
the intention not to waste food, consumers do not necessarily translate their intentions into 
behavior, what is referred to as intention-behavior gap (Carrigan & Attalla, 2001; Moser, 
2015). On the one hand, future research should focus on investigating the factors that influ-
ence food waste behavior particularly in the case of suboptimal foods. On the other hand, 
more research is needed on the impact of purchase intention for suboptimal foods on real pur-
chase behavior, and replicate the present study across other types of food and possible visual 
defects. 
As the general public is to a great extent concerned about environmental and social 
consequences of food waste, it is of high interest to find ways to reduce food waste along the 
food supply chain with a main focus on households. To reach this target, marketing cam-
paigns and private initiatives are employed attempting to raise consumer awareness about the 
issue as well as providing helpful guidelines supporting consumers to reduce waste. The re-
sults of this study provide insights into the role of sensory expectation and perception as de-
terminants of consumer food choice and the potential to avoid food waste when making use of 
human senses. Convincing consumers that food is still palatable, despite a suboptimal appear-
ance, is an important step in reducing food waste. 
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Appendix A. Development of sensory descriptors 
 
In the two-alternative forced choice (2-AFC) tests (ISO, 2005) ten descriptors from 
literature, namely grassy flavor, banana flavor, sweetness, sourness, firmness, melting, heter-
ogeneity, astringency, mealiness, and adhesiveness, were tested (Bianchi et al., 2016; Blaker, 
Plotto, Baldwin, & Olmstead, 2014; Bugaud et al., 2011; Nobile et al., 2011). The participants 
received a pair of half, crosswise cut, peeled bananas (RD 5 and RD 7) on white plates, en-
coded with random three-digit numbers, and an A5 sheet with the descriptors and checkboxes. 
They were asked to mark the sample for which the respective descriptor was more intense. 
Water was provided for mouth rinsing. 
The attributes grassy flavor and firmness were rated as significantly more intense in 
the RD 5 banana (p < 0.01). Banana flavor, sweetness, sourness, melting, and mealiness were 
rated as significantly more intense in the RD 7 banana (p < 0.01). Based on Bugaud et al. 
(2013) who observed a significant negative correlation between firmness and melting (r = -
0.83), and between sweetness and sourness (r = -0.86), melting and sourness were eliminated 
from the attribute pool. The restriction to a few specific attributes aimed at avoiding mental 
overload for participants in the main experiment. Five attributes remained for the main study. 
 
Bianchi, T., Guerrero, L., Gratacós-Cubarsí, M., Claret, A., Argyris, J., Garcia-Mas, J., & 
Hortós, M. (2016). Textural properties of different melon (Cucumis melo L.) fruit 
types: Sensory and physical-chemical evaluation. Scientia Horticulturae, 201, 46–56. 
Blaker, K. M., Plotto, A., Baldwin, E. A., & Olmstead, J. W. (2014). Correlation between 
sensory and instrumental measurements of standard and crisp-texture southern 
highbush blueberries (Vaccinium corymbosum L. interspecific hybrids). Journal of the 
Science of Food and Agriculture, 94, 2785–2793. 
Bugaud, C., Deverge, E., Daribo, M.-O., Ribeyre, F., Fils-Lycaon, B., & Mbéguié-A-
Mbéguié, D. (2011). Sensory characterisation enabled the first classification of dessert 
bananas. Journal of the Science of Food and Agriculture, 91, 992–1000. 
Nobile, P. M., Wattebled, F., Quecini, V., Girardi, C. L., Lormeau, M., & Laurens, F. (2011). 
Identification of a novel α-L-arabinofuranosidase gene associated with mealiness in 
apple. Journal of Experimental Botany, 62, 4309–4321. 
 
  
E.3 – Visually suboptimal bananas: How ripeness affects consumer expectation and perception 
221 
Appendix B: Analytical validation of banana ripeness 
 
Methods 
In the preliminary experiments, banana color, firmness of peel and flesh, and sugar 
content were, starting with RD 3, measured over 10 d to evaluate ripening progress. During 
the main study, the results for bananas of RD 5 and RD 7 were compared with the results of 
the bananas used for overall liking and attribute rating. RD 5 represents the ripening status 
that consumers will usually find in retail outlets, and bananas of RD 7 represent the subopti-
mal counterpart that is usually removed from the shelf. 
Analytical color measurements were performed with a LUCI 100 (Dr. Bruno Lange 
GmbH, Berlin, Germany) spectral reflectometer using xenon D65 illumination and the 10° 
observer. Because of the lack of peel uniformity especially at RD 7 a set of ten measurements 
was performed along the arched back of two bananas from the stalk to the flowering. In the 
CIE-Lab system, L* refers to sample lightness, and chroma (C*) and hue (hab), calculated 
from the a* and b* coordinates, refer to saturation and color quality, respectively (Rohm & 
Jaros, 1996; Salvador et al., 2007). 
Firmness of unpeeled and peeled bananas was measured using a TA-XTplus texture 
analyzer (Stable Micro Systems Ltd., Surrey, UK) equipped with a 5 kg load cell. The banana 
was placed on the sample support table with the curvature pointing towards the investigator, 
and penetrated with a cylindrical probe (diameter, 6 mm) that was mounted on the cross-head 
of the instrument. Cross-head speed was set to 1 mm/s, and penetration depth to 15 mm (un-
peeled) or 10 mm (peeled sample). At each time of analysis, two bananas were measured in 
triplicate. Firmness is given as the arithmetic mean of the maximum force during penetration 
(Tapre & Jain, 2012). 
Ten g banana flesh was mechanically blended with 100 g demineralized water for 
1 min using a Multiquick Minipimer (Braun GmbH, Kronberg, DE), and subsequently filtered 
(Soltani, Alimardani, & Omid, 2010). 3 - 4 drops filtrate were placed on the measuring prism 
of an ATR table refractometer (Schmidt + Haensch GmbH & Co., Berlin, Germany) to meas-
ure the amount of soluble solids in °Bx (Liew & Lau, 2012; Soltani et al., 2010). Again, each 
of the two bananas was measured in triplicate. 
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Results 
In the preliminary experiments it was found that L* of banana peels increased signif-
icantly until RD 6, which was reached after 5 d storage at 20 °C, and then further decreased 
when brown spots started to develop. C* varied similarly, indicating an increase in color satu-
ration in the first stage of ripening. Due to the change from greenish-yellow to yellow-orange, 
banana peel hue changed from approximately 100° to 80°. These changes can be attributed to 
the breakdown of chlorophyll in the banana peel tissue, and to the development of xantho-
phyll and carotenes (Gomes et al., 2013; Soltani et al., 2010). As regards the main study, the 
peel hue of bananas with RD 5 and RD 7 differed significantly (Table B1). 
 
Table B1. Sugar content, color and firmness of bananas of ripeness degree (RD) 5 and RD 7. 
Parameter  RD 5* RD 7 
Peel hue hab (°)  87.9 ± 3.7
a
 80.2 ± 2.5
b
 
Firmness unpeeled (N)  28.7 ± 3.2
a
 11.2 ± 2.3
b
 
Firmness peeled (N)    3.1 ± 0.3
a
   2.5 ± 0.3
b
 
Sugar content (°Bx)  14.3 ± 1.7
a
 19.7 ± 1.4
b
 
* Mean values in a row with different superscripts differ significantly (p < 0.05). 
 
The firmness of both unpeeled and peeled bananas, which is an important property to 
be considered while evaluating eating quality (Jaiswal et al., 2012; Salvador et al., 2007), sig-
nificantly decreased during ripening from RD 3 to RD 7 during the preliminary experiments 
in both, banana peel (from 61.2 ± 4.9 N to 12.5 ± 1.0 N) and flesh (from 6.2 ± 0.7 N to 3.0 ± 
0.1 N). This softening is associated with the alteration in cell wall structure by pectin degrad-
ing enzymes (unpeeled), and the movement of water from peel to flesh and the conversion of 
starch to sugar (peeled) (Tapre & Jain, 2012). The maximum force needed to penetrate the 
peel and the flesh of RD 5 and RD 7 bananas used in the main study differed significantly 
(Table B1). This difference is in accordance with the results of the initial 2-AFC tests where 
firmness was also judged as being significantly different with RD 5 banana being firmer. 
The content of the soluble solids increased continuously during ripening until a max-
imum of approximately 19 °Bx was obtained at RD 7 after 7 d storage. This is in accordance 
with other studies, showing sugar contents of full-ripened bananas of up to 20 °Bx (Liew & 
Lau, 2012; Salvador et al., 2007; Soltani et al., 2010). Bananas of RD 5 and RD 7 of the main 
study differed significantly in their sugar content (Table B1), which is also in line with the 
results of the initial 2-AFC tests, showing significant sweetness differences with RD 7 banana 
being sweeter. 
  
E.3 – Visually suboptimal bananas: How ripeness affects consumer expectation and perception 
223 
Gomes, J. F. S., Vieira, R. R., & Leta, F. R. (2013). Colorimetric indicator for classification of 
bananas during ripening. Scientia Horticulturae, 150, 201–205. 
Jaiswal, P., Jha, S. N., Kaur, P. P., Bhardwaj, R., Singh, A. K., & Wadhawan, V. (2012). Pre-
diction of textural attributes using color values of banana (Musa sapientum) during 
ripening. Journal of Food Science and Technology, 51, 1179–1184. 
Liew, C. Y., & Lau, C. Y. (2012). Determination of quality parameters in Cavendish banana 
during ripening by NIR spectroscopy. International Food Research Journal, 19, 751–
758. 
Rohm, H., & Jaros, D. (1996). Colour of hard cheese. Zeitschrift Für Lebensmittel-
Untersuchung und Forschung, 203, 241–244. 
Salvador, A., Sanz, T., & Fiszman, S. M. (2007). Changes in colour and texture and their rela-
tionship with eating quality during storage of two different dessert bananas. Posthar-
vest Biology and Technology, 43, 319–325. 
Soltani, M., Alimardani, R., & Omid, M. (2010). Comparison of some chromatic, mechanical 
and chemical properties of banana fruit at different stages of ripeness. Modern Applied 
Science, 4, 34–41. 
Tapre, A. R., & Jain, R. K. (2012). Study of advanced maturity stages of banana. Internatio-
nal Journal of Advanced Engineering Research and Studies, 1, 272–274. 
 
 
Erklärung zum selbstständigen Verfassen der Arbeit 
 
Erklärung zum selbstständigen Verfassen der Arbeit 
 
Ich erkläre hiermit, dass ich meine Doktorarbeit „Consumption decisions in the food sector – 
Conceptual and empirical studies from the food marketing context“ selbstständig und ohne 
fremde Hilfe angefertigt habe und dass ich als Koautor maßgeblich zu den weiteren Facharti-
keln beigetragen habe. Alle von anderen Autoren wörtlich übernommenen Stellen, wie auch 
die sich an die Gedanken anderer Autoren eng anlehnenden Ausführungen der aufgeführten 





23.10.2017        Claudia Symmank 
